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(54) 2-AMINOPYRIDINE COMPOUNDS AND USE THEREOF AS DRUGS 



(57) The present invention provides 2-aminopyrtd- 
ine compound having an excellent adenosine receptor 
(A 1 , Aja, Aa, receptors) antagonism, which is represent- 
ed by the following formula: 




(I) 



(wherein, R 1 represents cyano group, carboxyl group or 
an optionally substituted carbamoyl group; R 2 repre- 
sents hydrogen atom, hydroxyl group, an optionally sub- 
stituted alkoxy group, an optionally substituted 
■C € . u aromatic hydrocarbon cyclic group or an optionally 
substituted S- to 14-membered aromatic heterocyclic 
group; and R 3 and R 1 are the same as or different from 
each other and each represents aC 6 . 14 aromatic hydro- 
carbon cyclic group, a 5- to 1 4-membered non-aromatic 
heterocyclic group oraS- to 14-membered aromatic het- 
erocyclic group which may be substituted, respectively) 
or a salt thereof. 
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Description 

Technical "Field 

♦ 

5 [0001] The present invention relates to a novel 2-aminopyridine compound, a process for producing it. and use 
thereof as a medicament 

Prior Art 

10 [0002] Adenosine is an important regulatory factor involved in various intracellular metabolisms such as regulation 
of energy levels and cAMP levels in the living body, opening and closing calcium channels, and inflow of calcium ions 
into ceils, and can exhibit its physiological activity by interaction with-G protein-conjugated receptors on the surface of 
a cell. Adenosine receptors were at first classified Into 2 classes, that is, A 1 receptor and A2 receptor on the basis of 
their participation in adenylate cyclase (J. Neurochem., 33, 999-1003 (1979)), and thereafter, the A2 receptor was 

15 classified into 2 subtypes, that is, A^ and on the basis of their affinity for NECA and-CGS-21 680 (Mol. Pharmacol., 
29, 331 -346 (1 986); J. Neurochem., 55, 1 763-1 771 (1 990)) which are adenosine Ag receptor agonists. Thus, 4 receptor 
subtypes, A 1a Ag (A^, A^ and As, have been identified unto now. The A 1 receptor is a protein conjugated wfth G ¥o 
family protein. By binding of ligands, it inhibits adenylate cyclase to suppress cAMP levels and activates phosphatase 
C (PLC) to promote production of inositol- 1 ,4,5-triphosphate (IP3) and release of intraceOutar calcium ions. It is known 

20 that similar to the A t receptor, the A3 receptor is a receptor suppressing cAMP levels and activating PLC to promote 
production of IP 3 and release of intracellular calcium ions. On the other hand, the A^ and A^ receptors are those 
activating adenylate cyclase and promoting production of cAMP levels. It Is also reported that fi^ B is conjugated with 
PLC via Gq/G^ protein, and promotes production of IP 3 levels and inflow of calcium ions into cells (Clin. Invest., 96, 
1 979-1 986 (1 995)). These subtypes are different from one another in their distribution in tissues; that is, the A t receptor 

25 occurs relatively abundantly in the heart, aorta, bladder, etc., the A^ receptor in the eyeballs, skeletal muscles, etc., 
and the A3 receptor in the spleen, uterus, prostate, etc., while the A^ receptor occurs relatively abundantly in proximity 
to the large intestine and in the eyeballs, lung, uterus and bladder (Br. J. Pharmacol., 118 , 1461-1468 (1996)). The 
reason that adenosine receptor subtypes can exhibit their inherent functions is attributable to a difference in their 
distribution in tissues, a difference in topical adenosine levels and a difference in affinity of each subtype for ligands. 

30 Adenosine Is involved in various physiological functions such as platelet agglutination, heartbeats, contraction of 
smooth muscles, Inflammations, release of neurotransmitters, neurotransmission, release of hormones, cellular differ- 
entiation, growth of ceils, death of cells, biosynthesis of DNA, etc., thus suggesting the relationship of adenosine with 
diseases in the neutral nerves, cardiovascular diseases, inflammatory diseases, diseases in the respiratory organs, 
immune diseases, etc., so usefulness of adenosine receptor agonists/antagonists against these diseases is expected. 

35 On one hand, important reports have been made in recent years on the relationship between the adenosine Aj receptor 
and the intestinal tracts. For example, it is reported that a relaxing action on colon longitudinal muscles is mediated by 
A2 receptor (Maunyn-Schmiedeberg's Arch. Pharmacol., 359 , 140-146 (1999)), and that the relaxing action of adeno- 
sine on contraction of guinea pig distant colon longitudinal muscles is mediated by A, receptor and A^ receptor in 
longitudinal muscles (Br. J. Pharmacol., 129, 871-876 (2000)). Heretofore, antagonists for adenosine receptors, par- 

40 ticularty for adenosine A2 receptor, have been noted to be useful as an agent for treating or preventing diabetes, diabetic 
complications, diabetic retinopathy, obesity or asthma, and expected to be useful as a hypoglycemic agent, an improv- 
ing agent for impaired glucose tolerance, a potentiating agent for insulin sensitivity, a hypotensive agent, a diuretic, a 
therapeutic agent for osteoporosis, an anti-Parkinson's disease agent, an anti-Alzheimer's disease agent, a therapeutic 
agent for inflammatory Intestinal diseases or a therapeutic agent for-Crohn's disease, etc. 

45 [0003] For example, there are following reports on compounds having an antagonistic action particularly on A^ 
receptor. 

(1 ) Compounds represented by the formulae: 

so 



ss 



2 
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3 - n- Propy Ixanthine , 



I 

CH, 



Theophylline, 



x A'/ 



HN 



I 

CH, 



1, 3-Dipropylxanthine, Enprophylline, 



H,C. 



O CH, 

6tf 



H,C. 




CH, 



xx> 

I 

CH, 

Caffeine, 



Jv X^ 

H,C-^ 

CH, 

l-Methyl-3- 



isobuty Ixanthine. 




I 

CH, 




Paraxanthine, 6 ^Phenyl theophylline, 1 . 3-Diethyl- 8- 

pheny Ixanthine , 



0 

v 



I 

CH, 

1,3 -Dimethyl -8- 

(p-sulf ophenyl) xanthine. 



HN 



Alloxazine, 
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8-[4-QIMethyl-<2-dimethytaminoethy0amino]sutfonyt]phenyl)-1 ,3-dipropylxanthine, 




1 ,3-Dlpropy1-8-(P-sulfophenyl)xanthlne, 



H,C 



844^[(2-Aminoethy1)aminoIcaibonyl]methylJoxy]phenylJ-1 ,3-dipropylxanthine, 

2,4-Dioxobenzo[gJpteridine 

(2) Purine derivatives represented by the formula: 



NH 8 



R 4 



(wherein R 1 means (1) the formula: 




(wherein X means hydrogen atom, hydroxy! group, an optionally substituted lower atkyl group, an optionally sub- 
stituted lower alkoxy group etc.; and R 5 and R 6 are the same as or different from each other and each means 
hydrogen atom, an optionally substituted lower alkyl group, an optionally substituted saturated or unsaturated 
cycloalkyl group etc.) or (2) a 5- to 6-membered aromatic ring which may have a substituent group and a hetero 
atom; W means the formula -CH^CH 2 - r -CHMCH- or OsC-; R2 means an amino group which may be substituted 
with an optionally substituted lower alkyl group etc., etc.; R 3 means an optionally substituted C M cycloalkyl group, 



V 
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an optionally substituted aryl group, etc.; and R 4 means an optionally substituted lower alkyl group etc.), or a 
pharmacologically acceptable salt thereof or a hydrate of them^JP-A 11-263789). 
(3) Purine derivatives represented by the formula: 



io 




(wherein R 1 represents hydrogen atom, hydroxy! group, a halogen atom, an optionally substituted C,^ alkyl group, 
is etc.; R 2 represents an amino group which may be substituted with a C t ^ alkyl group, etc.; R 3 represents a-C^ 

alkynyl group which may be substituted with a halogen atom, hydroxy! group or a C 1-4 alkyl group, etc.; Ar repre- 
sents an optionally substituted aryl group, an optionally substituted heteroaryt group, etc.; and Q and W are the 
same as or different from each other and each represents N or CH), a pharmacologically acceptable salt thereof 
or a hydrate of them. 

20 (4) *2B receptor antagonists described in Drug Development Research, 48: 95-103 (1999) and J. Med. Chem., 

43: 1165-1172 (2000). 

[0004] On one hand, as pyridine compounds, for example, there are reports relating to 5,6-aromatic substituted 
pyridine compound in WO 96/24584, US-A 5686470 and US-A 591 6905. Further, in D£-A1 41 1 7802, there are reports 
25 relating to 2-amino-3-pyridinecarbonitri!e, and relating to the compound in which the 4-, 5- and 6-posrtions of the pyridine 
ring are substituted with phenyl groups. However, the relationship of these compounds with an adenosine receptor is 
not described or suggested, and is not known at all. 

[0005] As described above, those compounds having an antagonism to an adenosine receptor, particularly an an- 
tagonism to an adenosine fi^ receptor (especially A^ receptor), are expected to exhibit an excellent action as phar- 
30 maceutica! preparations and desired to be provided. However, those compounds having an excellent antagonism to 
an adenosine receptor and also acting effectively as a medicament have never been found. Accordingly, the object of 
the present invention is to search for, and find, the receptor inhibiting-compound which is useful as an agent for treating 
or preventing a disease to which an adenosine receptor (particularly Ag receptor, A^, receptor) relates. 

35 Disclosure of the Invention 

[0006] Considering the above-described circumstances, the present inventors made intensive study. As a result, 
they have succeeded for the first time in synthesizing a compound represented by the formula: 

40 



45 




(wherein R 1 represents cyano group, carboxyt group or an optionally substituted carbamoyl group; R 2 represents hy- 
drogen atom, hydroxyl group, an optionally substituted -C,^ alkoxy group, an optionally substituted C 6 . 14 aromatic 

so hydrocarbon cyclic group or an optionally substituted 5- to 14-membered aromatic heterocyclic group; and R 3 and R 4 
are the same as or different from each other and each represents a C M cycloalkyl group, a cycloalkenyl group, 
a C G . 14 aromatic hydrocarbon cyclic group, a 5- to 14-membered non-aromatic heterocyclic group or a 5- to 14-mem- 
bered aromatic heterocyclic group which may have a substituent group, respectively, provided that the cases where 
(1) R 1 is cyano group, R 2 is 4-bromo-2-thienyf group, R 3 is 3,4-dimethoxyphenyl group and R 4 is 2-thienyl group, <2) 

55 Ri is cyano group, R 2 is hydrogen atom, and each of R 3 and R 4 is phenyl group, (3) R 1 is cyano group, R 2 is 4-chk>- 
rophenyf group, R 3 is phenyl group and R 4 is 4-(3,4-dichlorophenyl)-1-oxo-2{1H)-phthala2inyl group, t4) R 1 is cyano 
group, R 2 is hydrogen atom, R 3 is 4-pyridy! group and R 4 is 1-piperazinyl group, {5) R 1 is cyano group, R 2 is hydrogen 
atom, R 3 is 4-pyrfdyl group and R* is a 1-pyridyi group, \S) R 1 is cyano group, *R 2 is hydrogen atom, R 3 is 4-pyridyl 
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group and R 4 is 4-diphenylmethyl-l-piperazinyl group, (7) R 1 is cyano group, R 2 is hydrogen atom, R 3 is 4-pyridyt 
group and R 4 is 4-morphoIinyl group, (8) R 1 is cyano group, R 2 is 4-methytphenyl group, and -each of R 3 and R 4 is 
phenyl group and (9) R 1 is cyano group, and each of R 2 , R 3 and R 4 is phenyl group are excluded) or a satt thereof, 
and they unexpectedly found that the compound and a salt thereof have an excellent antagonistic action on adenosine 

5 A2 receptor, particularly receptor. As a result of further intensive study, they found that the compound or a salt 
thereof is useful not only as an agent for treating, preventing or improving a disease to which an adenosine receptor, 
particularly A2 receptor, especially A^ receptor, relates, for example, constipation, irritable bowel syndrome, consti- 
pation accompanying irritable bowel syndrome, organic constipation, constipation accompanying enteroparalytic ileus, 
constipation accompanying congenital digestive tract dysfunction, constipation accompanying ileus, diabetes, diabetic 

10 complications, diabetic retinopathy, obesity, asthma etc., but also useful as a hypoglycemic agent, an improving agent 
for impaired glucose tolerance, a potentiating agent for insulin sensitivity, hypotensive agent, a diuretic, a therapeutic 
agent for osteoporosis, an anti-Parkinson's disease agent, an anti-Alzheimer's disease agent, a therapeutic agent for 
inflammatory intestinal diseases, a therapeutic agent for Crohn's disease etc., and thus completed the present inven- 
tion. 

15 [0007] That is, the present invention relates to (1) a compound represented by the above formula (I) or a salt thereof; 
(2) the compound according to the above-mentioned (1 ) or a salt thereof, in which R 1 is cyano group;{3) thecompound 
according to the above-mentioned (1) or a salt thereof, in which R 1 is a carbamoyl group represented by the formula: 



20 



^R 5 
R 



(wherein R s and R 6 are the same as or different from each other and each represents hydrogen atom, an optionally 
25 substituted C 1<6 alkyl group, an optionally substituted alkenyt group, an optionally substituted C M alkynyl group, 
an optionally substituted C 6 . 14 aromatic hydrocarbon cyclic group or an optionally substituted 5- to 14-membered ar- 
omatic heterocyclic group); (4) the compound according to the above-mentioned (1) or a salt thereof, in which R 2 is a 
C 6 . 14 aromatic hydrocarbon cyclic group or 5- to 14-membered aromatic heterocyclic group, each of which may have 
a substituent group; (5) the compound according to the above-mentioned (1) or a satt thereof, in which R 2 is a phenyl 
30 group, naphthyl group, pyridyl group, thienyl group or furyl group, each of which may have a substituent group; <6) the 
compound according to the above-mentioned (1) or a satt thereof, in which R 2 is a phenyl group which may be sub- 
stituted with a halogen atom; (7) the compound according to the above-mentioned (1) or a salt thereof, in which fl 2 is 
hydrogen atom; (8) the compound according to the above-mentioned (1) or a salt thereof, in which R 3 and R 4 are the 
same as or different from each other and each represents a C 6 . 14 aromatic hydrocarbon cyclic group or a 5- to 1 4-merrv 
35 bered aromatic heterocyclic group, each of which may have a substituent group; (9) the compound according to the 
above-mentioned (1) or a salt thereof, in which R 3 and R 4 are the same as or different from each other and each 
represents a phenyl group, pyrrolyl group, pyridinyl group, pyridazinyl group, pyrimidinyl group, pyrazinyl group, thienyl 
group, thiazofyl group, furyl group, naphthyl group, quinolinyl group, isoquinolinyl group, phthalazinyl group, naphthy- 
rldinyl group, indotyl group or isoindolyl group, each of which may have a substituent group; (10) thecompound ac- 
40 cording to the above-mentioned (1) or a salt thereof, in which each of R 3 and R 4 represents a phenyl group, pyridyl 
group, thienyl group or furyl group which may have a substituent group, respectively; (11) the compound according to 
the above-mentioned (1) or salts thereof, wherein R 3 and/or R 4 represent a 5- to 14-membered non-aromatic hetero- 
cyclic group, a Cg_ 14 aromatic hydrocarbon cyclic group or a 5* to 14-membered aromatic heterocyclic group, each of 
which may be substituted with at least one group selected from the following substituent group a (the above-mentioned 
45 "substituent group a° is a group consisting of (1) a hydroxyl group, (2) a halogen atom, (3) a nltrfle group, t4) a nltro 
group, (5) a alkyl group, C^. 6 alkenyl group or alkynyl group, each of which may be substituted with at least 
one group selected from (0 hydroxyl group, (ii) nrtrile group, (Hi) halogen atom, (iv) C 1-6 alkylamino group, (v) dKC 1a6 
alkyQamino group, (vl) alkenylamino group, (vii) difC^ alkenylamino group, (viii) alkynylamino group, (ix) 
di(C2_e alkynyQamino group, (x) N-C t ^ alkyl-N-C^ alkenylamino group, (xi) N-C 1-6 alkyl-N-C 2 -6 alkynylamino group, 
so (xii) N-C^ alkenyl-N-C2_e alkynylamino group, (xiii) aralkyloxy group, (xiv) TBDMS oxy group, (xv) C 1-6 alkytsulfo- 
nylamino group, (xvi) alkytearbonyloxy group, (xvii) C^e alkenytearbonyloxy group, (xviii) alkynylcarbonyloxy 
group, (xix) N-C^ alky lea rbamoyt group, (xx) N-X^g alkenytcarbamoyl group and (xxi) N-C^ alkynylcarbamoyl group, 
(6) a C 1>6 alkoxy group, alkenyloxy group or C 2 ^ alkynyloxy group, each of which may be substituted with at least 
one group selected from (i) C,^ alkylamino group, (ii) aralkyloxy group and <iii) hydroxyl group, (7) a C 1<6 alkylthio 
group, C24 alkenytthio group or alkynylthio group, each of which may be substituted with at least one group 
selected from (i) hydroxyl group, (ii) nitrile group, (iii) halogen atom, Xiv) C 1-6 alkylamino group, (v) aralkyloxy group, 
(vi) TBDMS oxy group, (vii) alkylsulf onylamino group, (viii) alkylcarbonyloxy group and<ix)C^ alkylcarbamoyl 
group, (8) a carbonyl group substituted with a group selected from (i) C 1-6 alkoxy group, (ii) amino group, tiii)^ 14 
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alkylamino group, (iv) di(C t ^ afky1)amino group, <v) alkenylamino group, (vi) di (C^ alkenyf)amino group, -<vii) 
alkynylamino group, (vii) di^ aDcynyT)amino group, {vfii) n-C 1-6 allcyl-N^C^ alkenylamino group, (be) N-C 1-6 
alkyl-N-C^ alkynylamino group and{x) N-C^ alkenyl-N-C^ alkynylamino group, (9) an amino group which may be 
substituted with one or two groups selected from (I) alkyl group, (ii) alkenyl group, (iii) alkynyl group, (iv) 

5 C 1-6 alkytsulfonyl group, (v) C 2< alkenylsulfonyl group, (vi) alkynylsulfonyl group, tvii) C 1-6 alkylcarbonyl group, 
(viii) C^e alkenylcarbonyl group and (ix) alkynylcarbonyl group, (1 0) a C,^ alkylsutfonyl group, (1 1 ) a alke- 
nylsulfonyl group, (12) a C M alkynylsulfonyl group, (13) aC 1-6 alkylsuffinyl group, (14) aC^ alkenytsulfinyl group, 
(15) a C M alkynylsulfinyl group, (16) a formyl group, (17) a cydoaDcyl group orC M cydoalkenyl group, each of 
which may be substituted with at least one group selected from (i) hydroxyl group, (ii) halogen atom, (iii) nitrile group, 

10 (iv) C 1-6 alkyl group, (v) alkoxy group, (vi) alkoxy-C 1-e alkyl group and (vii) aralkyl group, <1 8) a 5- to 1 4-mem- 
bered non-aromatic heterocyclic group which may be substituted with at least one group selected from (i) hydroxy! 
group, (ii) halogen atom, (iii) nitrile group, (iv) alkyl group, (v) C 1-6 alkoxy group, {vi)-C 1fl6 alkoxy-C^ alkyl group 
and (vii) aralkyl group, (19) a C 6 . 14 aromatic hydrocarbon cyclic group which may be substituted with at least one group 
selected from (0 hydroxyl group, (ii) halogenatom, (iii) nitrilegroup, (lv)C 14 alkyl group, (v) C 1-6 alkoxy group, (vl) C 1-6 

f5 alkoxy-C^ alkyl group and (vii) aralkyl group, and (20) a 5- to 14-membered aromatic heterocyclic group which may 
be substituted with at least one group selected from (i) hydroxyl group, (ii) halogen atom, (iii) nitrile group, (iv) C t ^ 
alkyl group, (v) C 1-6 alkoxy group, (vi) C 1-6 alkoxy-C 1-6 alkyl group and (vii) aralkyl group) ; (1 2) the compound according 
to the above-mentioned (1) or a salt thereof, in which R 3 and/or R 4 represent a phenyl group, pyridyl group, thienyl 
group or furyl group, each of which may be substituted with at least one group selected from hydroxyl group, a halogen 

20 atom, a C 1fl6 alkyl group and a C 1a6 alkoxy group; (13) the compound according to the above-mentioned (1) or a salt 
thereof, in which R 3 or R 4 is a 6-oxo-1 ,6-dihydropyridyl group which may have a substituent group;-<1 4) the compound 
according to the above-mentioned (1) represented by the formula: 



2$ 



30 




(D) 



(wherein R 1 represents cyano group, carboxyl group or an optionally substituted carbamoyl group; R 2 represents hy- 
drogen atom, hydroxyl group, an optionally substituted alkoxy group, an optionally substitutedC 1-6 alkylthio group, 
an optionally substituted C 6 . 14 aromatic hydrocarbon cyclic group or an optionally substituted 5- to 14-membered ar- 
35 omatic heterocyclic group; R 7 represents a group selected from the following substituent group b; R 8 represents a 
C6- 14 aromatic hydrocarbon cyclic group or a 5- to 14-membered aromatic heterocyclic group which may have a sub- 
stituent group, respectively; and ring A represents a nitrogen-containing ^-membered ring which may be substituted 
with 1 to 4 groups selected from the following substituent group b. 

<substituent group b> a group consisting of hydrogen atom, a halogen atom, hydroxyl group, nitro group, cyano group, 
40 an optionally substituted C 1-6 alkyl group, an optionally substituted C 1<6 alkyl group, an optionally substituted Cj^ 
alkenyl group, an optionally substituted alkynyl group, an optionally substituted C 1<6 alkoxy group, an optionally 
substituted alkenyloxy group, an optionally substituted aJkynytoxy group, an optionally substituted C 1-6 alkylth- 
io group, an optionally substituted alkenylthio group, an optionally substituted alkynylthio group, aC^ fatty 
acyl group, an optionally substituted carbamoyl group, an arytacyl group, a heteroaryl acyl group, an optionally sub- 
45 stituted amino group, an optionally substituted C 1 ^ alkylsutfonyl group, an optionally substituted C 2 ^ alkenylsulfonyl 
group, an optionally substituted C 2 * alkynyteulfonyl group, an optionally substituted C 1-6 alkylsulfinyl group, an option- 
ally substituted alkenytsulfinyl group, en optionally substituted alkynylsulfinyl group, formyl group, an option- 
ally substituted cydoalkyl group, an optionally substituted cydoalkenyl group, an optionally substituted "5- to 
14-membered non-aromatic heterocyclic group, an optionally substituted Cg- 14 aromatic hydrocarbon cyclic group and 
so an optionally substituted 5- to 1 4-membered aromatic heterocyclic group) or a salt thereof ; (1 5) the compound according 
to the above-mentioned (14) or a salt thereof, in which R 1 is cyano group; (16) the compound according to the above- 
mentioned (14) or a salt thereof, in which R 1 is carboxyl group; (17) the compound according to the above-mentioned 
(14) or a salt thereof, in which R 1 is a carbamoyl group represented by the formula: 

33 
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in which R 5 and R 6 have the same meanings as defined above; (1 8) the compound according to the above-mentioned 
(14) or a salt thereof , in which R 2 is a hydrogen atom; (19) the compound according to the above-mentioned <1 4) or a 
salt thereof, in which R 7 and the substituent groups other than R 7 in the ring A are selected from the above-mentioned 
substituent group a; (20) the compound according to the above-mentioned (1 4) or a salt thereof, in which R 7 is hydrogen 
atom, an optionally substituted C 1-6 alkyl group, an optionally substituted alkenyl group or an optionally substituted 
C ^ alkoxy group; (2 1 ) the compound according to the above-mentioned (1 4) or a salt thereof, in which R 8 is a phenyl 
group, pyridyl group, furyl group or a thienyl group, each of which may have a substituent group; -(22) the compound 
according to the above-mentioned (14) or a salt thereof, in which R 8 is a phenyl group, pyridyl group, furyl group or a 
thienyl group, each of which may be substituted with a halogen atom; (23) the compound according to the above- 
mentioned (1 ), in which the compound is any one selected from 2-amino-6-(2-fu ryl)-5H4^yridyl)-3^yridinecarboniDile, 
2-amino-6-(3-fluorophenyl)-5-(4-pyrid 2-amino-^2-furyl>5-(4-methoxy-3^ridy0-3-pyridi- 
necarbonltrile, 2-amino-6-(2-fury0^-(6-oxo-1 l 6-dih^^ 2-amino-S-<1-ethyl-6-oxo~1 ,6-dihy- 

dro-3-pyridinyl)-6-(2-f uryl)nicotinonlti1le, 2-amino-6-(2-furyl)-5-(1 -methyl-6-oxo-1 ,6-dihydro-3-pyridiny0nicotinonftrile, 
2-amino-6-(3-fluorophenyl)-5-(6-oxo-1 .e-dihydro-S-pyridinyOnicotinonitrlle and 2-amino-6-(3-fluorophenyl)-5-(1-me- 
thyl-6-oxo-1 ,6-d]hydro-3-pyrtdinyl)nicotinonltrile, or a salt thereof; (24) a pharmaceutical composition comprising acom- 
pound represented by the formula: 




(wherein R 1 represents cyano group, carboxyl group or an optionally substituted carbamoyl group; R 2 represents hy- 
drogen atom, hydroxyl group, an optionally substituted C 1<6 alkoxy group, an optionally substituted C^ u aromatic 
hydrocarbon cyclic group or an optionally substituted 5- to 14-membered aromatic heterocyclic group; and R 3 and R 4 
are the same as or different from each other and each represents a C M cydoalkyt group, a C34 cycloalkenyl group, 
a C^ 14 aromatic hydrocarbon cyclic group, a "5- to 14-membered non-aromatic heterocyclic group or a 5- to 14-mem- 
bered aromatic heterocyclic group which may have a substituent group, respectively, provided that the cases where 
(1) R 1 is cyano group, R 2 is 4-bromo-2-thienyl group, R 3 is 3,4-dimethoxyphenyl group and R 4 is 2-thlenyl group, \Z) 
R 1 is cyano group, R 2 is hydrogen atom and each of R 3 and R 4 is phenyl group, (3) R 1 is cyano group, R 2 is 4«chloro- 
phenyl group, R 3 is phenyl group and R 4 is 4-(3,4-dichlorophenyl)-1-oxo-2(1H)-phthalazinyl group, <4) R 1 is cyano 
group, R 2 is hydrogen atom, R 3 is 4-pyridyt group and R 4 is 1 -piperazinyl group, (5) R 1 is cyano group, R 2 is hydrogen 
atom, R 3 is 4-pyridyl group and R 4 is 1 -pyridyl group, (6) R 1 Is cyano group, R 2 is hydrogen atom, R 3 is 4-pyridyl group 
and R 4 is 4-diphenylmethyl-1 -piperazinyl group, (7) R 1 is cyano group, R 2 is hydrogen atom, R 3 is 4-pyridyl group and 
R 4 is 4-morpholinyl group, (8) R 1 is cyano group, R 2 is 4-methy(phenyl group and each of R 3 and R 4 is phenyl group, 
and (9) R 1 is cyano group and each of R 2 , R 3 and R 4 is phenyl group are excluded) or a salt thereof ; -(25) the composition 
according to the above-mentioned (24), which is an agent for treating or preventing a disease to which an adenosine 
receptor relates; (26) the composition according to the above-mentioned (24), which is an agent for treating or pre- 
venting a disease to which an adenosine fi^ receptor relates; (27) the composition according to the above-mentioned 
(24), which is an agent for treating or preventing a disease to which an adenosine receptor relates; (28) the com* 
position according to the above-mentioned (24), which is an adenosine receptor antagonist; (29) the composition ac- 
cording to claim 24, which is an adenosine receptor antagonist; (30) the composition according to the above-men- 
tioned (24), which is an adenosine receptor antagonist; (31) the composition according to the above-mentioned 
(24), which is used for promoting defecation; (32) the composition according to the above-mentioned (24), which is an 
agent for treating, preventing or improving constipation; (33) the composition according to the above-mentioned (24), 
in which the constipation is functional constipation; (34) the composition according to the above-mentioned (24), which 
is an agent for treating irritable bowel syndrome, constipation accompanying irritable bowel syndrome, organic consti- 
pation, constipation accompanying enteroparaJytic ileus, constipation accompanying congenital digestive tract dys- 
function or constipation accompanying ileus; (35) the composition according to the above-mentioned (24), which is 
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used for evacuating intestinal tracts at the time of examination of digestive tracts or before and after an operation; (36) 
the composition according to the above-mentioned (24), which is an agent for treating or preventing diabetes, diabetic 
complications, diabetic retinopathy, obesity or asthma; (37) the composition according to the above-mentioned <24), 
which is a hypoglycemic agent, an improving agent for impaired glucose tolerance and a potentiating agent for insulin 
5 sensitivity; (38) the composition according to the above-mentioned (24), which is a hypotensive agent, a diuretic, a 
therapeutic agent for osteoporosis, an anti- Parkinson's disease agent, an anti-Alzheimer's disease agent, a therapeutic 
agent for inflammatory intestinal diseases or a therapeutic agent for Crohn's disease, etc. 

[0008] That is, the present invention is a pharmaceutical composition comprising the above-mentioned 2-am in ©py- 
ridine compound or a pharmacologically acceptable salt thereof and a pharmaceutical acceptable carrier, use of the 
10 above-mentioned compound or a pharmacologically acceptable salt thereof for producing an agent for treating or pre- 
venting a disease to which an adenosine receptor relates, and a method of treating or preventing a disease to which 
an adenosine receptor relates, by administering a pharmacologically effective dose of the above-mentioned compound 
or a pharmacologically acceptable salt thereof to a patient 

* 5 Detailed Description of the Invention 

[0009] Hereinafter, the meanings of symbols, terms etc. used in the present specification are described, and the 
present invention is described in detail. 

[0010] The "antagonist" in this specification refers to an agent having affinity for adenosine receptors, particularly 

20 adenosine receptor (most preferably A^ receptor) and inactivating the receptor. 

[0011] In this specification, the "disease to which an adenosine receptor relates" means a disease to which an ad- 
enosine A t receptor, A^ receptor, A a receptor or A3 receptor relates. For example, various kinds of constipation, 
irritable bowel syndrome, constipation accompanying irritable bowel syndrome, organic constipation, -constipation ac- 
companying intestinal paralytic ileus, constipation accompanying congenital digestive tract dysfunction, constipation 

25 accompanying ileus, diabetes, diabetic complications, diabetic retinopathy, obesity or asthma, or a disease against 
which a hypoglycemic agent, an improving agent for impaired glucose tolerance, a potentiating agent for insulin sen- 
sitivity, a hypotensive agent, a diuretic, a therapeutic agent for osteoporosis, an anti-Parkinson's disease agent, an 
anti-Alzheimer's disease agent, a therapeutic agent for inflammatory intestinal diseases or a therapeutic agent for 
Crohn's disease is efficacious. 

30 [0012] The term "anoYor* used in this specification refers to both of "and" and "or". 

[0013] The structural formulae of the compound in this specification may, for convenience' sake, indicate a certain 
isomer, but the present invention encompasses all possible isomers which can occur in the structures of the compound, 
for example, geometric isomer, optical isomer based on asymmetrical carbon, rotational isomer, stereoisomer and 
tautomer, as well as a mixture of such isomers, so the compound of the invention may be any isomers or a mixture 

35 thereof without limitation to the formulae shown for convenience' sake. Accordingly, the compound of the present 
invention can have an intramolecular asymmetrical carbon to occur as optically active isomers or racemic modifications, 
and any of such compounds are included in the present invention without limitation. Further, crystal polymorphism may 
present also without limitation, and it may be in a single crystal form or a mixed crystal form. The compound^ I) according 
to the present invention or a salt thereof may be anhydrides or hydrates, any of which fall under the claims in the 

40 present specification. Metabolites formed by decomposition of the Compound {I) according to the present invention in 
vivo, as well as prodrugs of the compound (I) according to the present invention or a salt thereof also fall under the 
claims in the present specification. 

[0014] As the "halogen atom" used in the present specification, for example, atoms such as fluorine atom, chlorine 
atom, bromine atom, iodine atom etc. may be proposed, and fluorine atom, chlorine atom and bromine atom are pre- 
4* f erred. 

[0015] The "C 1-6 alkyl group" used in this specification refers to an alkyl group containing 1 to € carbon groups, and 
examples thereof include linear or branched alkyl groups such as methyl group, ethyl group, n-propyl group, iso-propyt 
group, n-butyl group, iso-butyl group, sec-butyl group, tert-butyl group, n-pentyl group, 1,1-dimethytpropyl group, 
1 ,2-dimethylpropyl group, 2,2-dimethylpropyl group, 1 -ethylpropyl group, 2-ethylpropyl group, n-hexyl group, 1 -methyl- 
50 2-ethytpropyl group, 1 -ethyi-2-methylpropyl group, 1,1,2-trimethylpropyl group, 1 -propylpropyl group, 1 -methytoutyl 
group, 2-methyl butyl group, 1 ,1 ,-dimethy [butyl group, 1 ,2-dimethyibutyl group, 2,2-dimethytbutyl group, 1 ,3-dimethyl- 
butyl group, 2,3-dimethylbutyl group, 2-ethylbutyl group, 2-methylpentyl group or 3-methylpentyl group may be pro- 
posed. 

[0016] The "C24 alkenyl group" used in this specification refers to an alkenyl group containing 2 to 6 carbon atoms. 
£5 As the preferable examples thereof, for example, vinyl group, alfyl group, 1 -propenyl group,-2-propenyl group, isopro- 
penyl group, 2-methyM -propenyl group, 3-methyM -propenyl group, 2-methyl-2 -propenyl group, 3-methyl-2 -propenyl 
group, 1 -butenyl group, 2-butenyl group, 3-butenyl group, 1 -pentenyl group, 1 -hexenyt group, 1 ,3-hexanedienyl group, 
1 ,6-hexanedieny! group etc. may be proposed. 
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[0017] The "C^ alkynyl group" used in this specification refers to an alkynyl group containing 2 to 6 carbon atoms. 
As the preferable examples thereof, for example, ethynyt group, 1-propynyl group. 2-propynyl group, 1 -butynyl group, 

2- butynyl group, 3-butynyl group, 3-methyM -propynyl group, 1 -ethynyl-2-propynyl group, £-methyt-3-propyny1 group, 
1-pentynyl group, 1-hexynyl group, 1 ,3-hexanediynyl group, 1 ,6-hexanedrynyl group etc. may be proposed. 
[0018] The "C^ alkoxy group" used in this specification refers to an alkoxy group containing 1 to 6 carbon groups, 
for example, methoxy group, ethoxy group, n-propoxy group, iso-propoxy group, sec-propoxy group, n-butoxy group, 
iso-butoxy group, secbutoxy group, tert-butoxy group, n-pentyloxy group, iso-pentyloxy group, sec-pentyloxy group, 
n-hexoxy group, iso-hexoxy group, 1,1-dimethylpropyloxy group, 1 ,2-dimethylpropoxy group, 2,2-dimethy^ropytoxy 
group, 2-ethytpropoxy group, 1-methyl-2-ethytpropoxy group, 1 -ethyt-2-methylpropoxy group, 1 ,1 ^-trimethylpropoxy 
group, 1,1,2-trvnethytpropoxy group, 1, 1 -dim ethylbutoxy group, 1 ,2-dimethylbutoxy group, 2,2-dirnethytbutoxy group, 
2,3-dimethylbutytoxy group, 1 ,3-dimethytbutyloxy group, 2-ethylbutoxy group, 1 ,3-dimethyfbutoxy group, 2-methytpen- 
toxy group, 3-methytpentoxy group, hexyloxy group etc. 

[0019] The "C2.4 alkenyloxy group" used in this specif cation refers to an alkenytoxy group containing 2 to 6 carbon 
atoms. As the preferable group, for example, vinyloxy group, allyloxy group, 1 -propenytoxy group, 2-propenyloxy group, 
isopropenyloxy group, 2-methyM-propenyloxy group, 3-methyl-1-propenyloxy group, 2 -methyl -2-propenyloxy group, 

3- methyl-2-propenyloxy group, 1-butenyloxy group, 2-butenyloxy group, 3-butenyloxy group, 1-pentenyloxy group, 

1- hexenyloxy group, 1 ,3-hexanedienyloxy group, 1,6-hexanedienyk>xy group etc. may be proposed. 

[0020] The 'C^ alkynyloxy group" used in this specification refers to an alkynyloxy group containing 2 to 6 carbon 
atoms. Preferably, for example, ethynyloxy group, 1 -propynyloxy group, 2-propynytoxy group, 1-butynyloxy group, 

2- butynyloxy group, 3-butynyloxy group, 3-methyl-1 -propynyloxy group, 1-ethyny»-2-propynyloxy group, 2-methyl- 

3- propynyioxy group, 1 -pentynytoxy group, 1-hexynyloxy group, 1 ,3-hexanediynytoxy group, 1 ,6-hexanedtynyloxy 
group etc. may be proposed. 

[0021] The "C^ alkytthio group" used in this specification refers to an alkoxy group containing 1 to 6 carbon groups. 
For example, methytthio group, ethytthio group, n-propylthio group, iso-propylthio group, sec-propylthio group, n- 
butytthio group, iso-butyrthio group, sec-butylthio group, tert-butytthio group, n-pentylthio group, iso-pentytthio group, 
sec-pentylthio group, n-hexylthio group, iso-hexytthio group, 1 ,1 -dimethylpropylthio group, 1 ,2-dimethytpropytthio 
group, 2 ,2-dimethytpropytthio group, 2-ethylpropytthio group, 1 -methyl-2-ethytpropyfthio group, 1 -ethyl-2-methylpro- 
pylthto group, 1 ,1 ,2-trimethylpropytthio group, 1,1 ,2-trimethylpropytthio group, 1,1,-dimethylbutytthio group, 

1 .2- dimethylbutytthio group, 2,2-dimethylbutytthio group, 2,3-dimethylbutytthio group, 1 ,3-dimethytbutyfthio group, 
2-ethylbutylthio group, 1 ,3-dtmethytbutyfthio group, 2-methytpentytthio group, 3-methylpentytthio group etc. may be 
proposed. The "C^ alkenytthio group" used in this specification refers to an alkenylthio group containing 2 to ^carbon 
atoms. The preferable examples thereof include virtytthto group, allylthio group, 1 -propenyrthto group, 2-propenylthlo 
group, tsopropenytthio group, 2-methyM-propenytthio group, 3-methyM -propenylthio group, 2-methyl-2-propenytthio 
group, 3-methyi-2-propenylthio group, 1 -butenylthlo group, 2-butenyrthio group, 3-butenylthio group, 1 -pentenylthio 
group, 1-hexenylthio group, 1 ,3-hexanedienyfthio group, 1 ,6-hexanedienytthio group, etc. The "Cg^ alkynytthio group" 
used in this specification refers to an alkynytthio group containing 2 to 6 carbon atoms. The preferable examples thereof 
include ethynylthto group, 1-propynylthio group, 2-propynytthio group, 1-butynylthio group, 2-butynytthio group, 3-bu- 
tynytthio group, 3-methyl-1 -propynylthio group, 1 -ethynyi-2-propynyrthio group, 2-methyl-3-propynylthio group, 1-pen- 
tynytthio group, 1 -hexynytthio group, 1 ,3-hexanediynylthio group, 1 ,6-hexanediynylthio group, etc. 

[0022] The "C^ cydoalkyl group" used in this specification refers to a cycloalkyl group containing 3 to 8 carbon 
atoms, and examples thereof include cyclopropyl group, cyciobutyl group, cyclopentyl group, cyciohexyl group, cy- 
cloheptyl group, cyclooctyl group etc. 

[0023] The "C^g cycloalkenyl group" used in this specification refers to a cycloalkenyf group containing 3 to 8 
carbon atoms. For example, cyclop ropen-1-yl, cyclopropen-3-yl, cyclobuten-1 -yl, cydobuten-3-yl, 1 ,3-cydobutadien- 
1-yl t cyclopenten-1-yl, cyclopenten-3-yt, cyclopenten-4-yl, 1,3-cyclopentadien-1-yl, 1 ,3-cyclopentadien-2-yl, 1,3-cy- 
clopentadien-5-yl, cyclohexen-1 -yl, cyclohexen-3-yl, cyclohexen-4-yl, 1,3-cyclohexadien-1-yl, 1,3-cyclohexadien-2-yl, 

1 .3- cycfohexadien-5-yl, 1 ,4<ydohexadien-3-yl, 1 ,4-cyclohexadien-1 -yl, cydohepten-1 -yl, cyctohepten-3-yl, cydohep- 
ten-4-yl, cyclohepten-5-yl, 1 ,3-cydohepten-2-yl, 1 t 3-cyclohepten-1 -yl, 1 ,3-cycloheptadien-5-yl, 1,3-cydoheptadien- 
6-yl, 1 ,4-cydoheptadien-3-yl, 1 ,4-cycloheptadlen-2-yl, 1,4-cydoheptadien-l-yl, 1 ,4-cycloheptadien-6-yl, 1,3,5-cy- 
doheptatrien-3-yl, 1,3,5-cycloheptatrien-2-yl, 1,3,5-cydoheptatrien-1-yl, 1.3,5-cycloheptatrien-7-yl, cycloocten-1-yl, 
cycloocten-3-yl, cydoocten-4-yl, cycloocten-5-yl, 1 ,3-cydooctacGen-2-yl, 1 ,3-cyclooctadien-1-yl, 1 ,3-cydooctadien- 

5- yl, 1 ,3-cyclooctadien-6-yl, 1 ,4-cyclooctadien-3-y1, 1 l 4-cyclooctadien-2-yl, 1,4-cyclooctadien-1-yl, 1 ,4-cydooctadien- 

6- yl, 1 ,4-cyclooctadien-7-yl, 1 ,5-cydooctadien-3-y», 1 ,5-cyclooctadien-2-yl, 1 ,3,5-cyclooctatrien-3-yl, 1 ,3,5-cydooctatr- 
ien-2-yl, 1 ,3,5-cydooctatrien-1 -yl, 1 ,3,5-cyclooctatrien-7-y1, 1 ,3,6-cyclooctatrien-2-yl, 1 ,3 ,6-cydooctatrien-1 -yl, 
1 ,3,6-cydooctatrien-5-yl, 1 ,3,6-cyctooctfltrien-6-yt group, etc. may be proposed. 

[0024] The "5- to 14-membered non-aromatic heterocydic group" used in this spedfteation refers to a monocydic, 
bicydic or tricyclic, 5- to 14-membered non-aromatic heterocydic groupcontaining at least one heteroatom selected 
from nitrogen atom, sulfur atom and oxygen atom. Specific examples of the group include pyrrolidinyl group, pyrrolyl 
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group, piperidinyf group, piperazinyi group, imidazolyl group, pyrazolidyl group, imidazolidyl group, morpholyl group, 
tertrahydrofuryl group, tetrahydropyranyl group, pyrronnyl group, dihydrofuryl group, dihydropyranyl group, imidazolinyl 
group, oxazolinyl group, etc. Further, the non-aromatic heterocyclic group also includes a group derived from a pyridone 
ring or a non-aromatic fused ring (for example, a group derived from a phthalimide ring, succinimide ring, etc.). 
[0025] The aromatic hydrocarbon cyclic group' and "aryP used in this specification refer to an aromatic hy- 
drocarbon cyclic group containing 6 to 14 carbon atoms, and include a monocyclic group and a condensed ring such 
as bicyclic group, tricyclic group etc. Specific examples of this group include phenyl group, indenyi group, 1-naphthyl 
group, 2-naphthyl group, azutenyl group, heptalenyl group, biphenyt group, indacenyi group, acenaphthyl group, flu- 
orenyl group, phenatenyi group, phenanthrenyl group, anthracenyl group, cycJopentacyclooctenyt group, benzocy- 
dooctenyl group, etc. may be proposed. 

[0026] In this specification, the "5- to 14-membered aromatic heterocyclic group" and B heteroaryf refer to a mono- 
cyclic, bicyclic or tricyclic, 5- to 14-membered aromatic heterocyclic group containing at least one heteroatom selected 
from nitrogen atom, sulfur atom and oxygen atom. Specific examples of the group include, for example, 1) nitrogen- 
containing aromatic heterocyclic groups such as pyrrofyt group, pyridyl group, pyridazinyl group, pyrimidinyl group, 
pyrazinyl group, triazolyl group, tetrazolyl group, benzotriazotyl group, pyrazotyl group, imidazolyl group, benzim idazolyl 
group, indolyl group, isoindolyl group, indoliziny I group, puriny! group, indazoryl group, quinolyl group, isoquinotyl group, 
quinolizyl group, phthalazyl group, naphthyridiny! group, quinoxatyl group; quinazolinyl group, cinnolinyl group, pterid- 
inyi group, imidazotriazlnyi group, pyrazinopyridazinyl group, acrldinyl group, phenanthridinyl group, carbazolyi group, 
carbazoiinyl group, pyrimidinyl group, phenanthrolinyl group, phenacynyt group, imidazopyridinyl group, imidazopyri- 
midinyt group, pyrazolopyridinyl group, pyrazolopyridinyl group, etc.; 2) sulfur-containing aromatic heterocyclic groups 
such as thienyl group, benzothienyl group, etc.; 3) oxygen-containing aromatic heterocyclic groups such as furyl group, 
pyranyl group, cyclopentapyranyl group, benzofuryl group, isobenzofuryl group, etc.; and 4) aromatic heterocyclic group 
containing two or more heteroatoms, such as thiazolyl group, isothiazolyi group, benzothiazotyt group, benzthiadiazoryi 
group, phenothiazinyl group, isoxazotyl group, furazanyl group, phenoxazinyl group, oxazolyl group, isoxazoyi group, 
benzoxazoryl group, oxadiazolyl group, pyrazotooxazolyl group, imidazothiazoryl group, thienofuranyl group, furopyr- 
rolyl group, pyridoxazinyl group, etc. 

[0027] The "C2.7 fatty acyt group" used in this specification refers to an atomic group derived by removing an OH 
group from a carboxyl group of a fatty carboxylic acid. As the preferable group thereof, for example, acetyl group, 
propionyl group, butyroyl group, etc. may be proposed. 

[0028] The "arytacyl group" used in this specification refers to a carbonyl group substituted with a Ce. 14 aromatic 
hydrocarbon cyclic group, and the "heteroarylacyl group" refers to a carbonyl group substituted with a 5- to 14-mem- 
bered aromatic heterocyclic group. The 9 C 6mU aromatic hydrocarbon cyclic group" and "5- to 14-membered aromatic 
heterocyclic group" have the same meaning as defined above. 

[0029] Preferable examples of the "C 1<€ alkylsulfonyl group", "C^ alkenytsulfonyl group" and "C 2 ^ alkynylsulfonyl 
group" used in this specification include methyl sutfonyl group, ethylsulfonyl group, n-propylsulfonyl group, isopropyl- 
sutforryl group, n-butylsulfonyt group, tert-butylsulfonyl group, vinylsutfonyl group, alrytsutfonyl group, iso-propenyisul- 
fonyl group, iso-pentenyisulfonyl group, ethynyisulf onyl group etc. Preferable examples of the alkylsulflnyl group", 
"Cj^ alkenylsulfinyl group" and "C^ alkynylsutfinyl group" used in this specification include methylsulf inyl group, ethyt- 
sulfinyl group, n-propylsulfinyl group, iso-propytsulfinyl group, n-butylsulfinyl group, tert-butylsulfinyl group, vinylsulfinyl 
group, allylsulfinyl group, iso-propenylsutfinyl group, iso-pentenylsulfinyl group, ethynytsulfinyl group, etc. 
[0030] As the "substltuent group" in the "optionally substituted amino group" used in this specification, for example, 
one or two groups selected from a C 1-6 alkyl group, C M alkenyl group, alkynyl group, -C^ alkylsulfonyl group, 
C 2 -6 alkenylsulfonyl group, alkynylsulfonyl group, C 1a6 alkylcarbonyl group, C M alkenylcarbonyl group andC^ 
alkynylcarbonyl group, each of which may have a substituent group may be proposed, and the substituent groups may 
be bound together to form a 3- to 6-membered nitrogen-containing ring. Preferable examples of the "substituent group* 
of the above-mentioned alkyl group, alkenyl group, alkynyl group, C 1-6 alkylsulfonyl group.C^ alkenyl- 
sulfonyl group, alkynylsulfonyl group, alkylcarbonyl group, alkenylcarbonyl group andC^ alkynylcarb- 
onyl group include hydroxyl group, a halogen atom, nttrile group, a aikoxy group, a C 1a6 alkylthio group, etc. 
Specifically, as the particularly preferable examples of the above-mentioned "amino group which may have a substituent 
group", methylamino group, ethylamino group, n-propylamino group, iso-propylamino group, n-butylamino group, iso- 
butylamino group, tert-butylamino group, n-pentylamino group, iso-pentylamino group, neopentylamino group, n-hex- 
ylamino group, 1-methylpropylamino group, 1 ,2-dlmethylpropylamino group, 2-ethylpropylamino group, 1 -methyl* 
2-ethylpropylamino group, 1 -ethyl-2-methylpropylamino group, 1,1 2-trimethylpropylamino group, 1-methylbutyiamino 
group, 2-methylbutylarnino group, 1,1-dimethylbutylamino group, 5,2-dimethylbutylamino group, 2-ethylbutylamino 
group, 1,3-dimethylbutyiamlno group, 2-methylpentylamino group, 3-methylpentyl amino group, N,N-dimethylamino 
group, N,N-diethylamino group, N,N-di(n-propyl)amino group, N,N-di(iso-propyl)amino group, N,N-dKn-butyl)amino 
group, N,N-di(iso-butyl)amino group, N,N-di(tert-butyl)amino group, N,N-di(n-pentyl)amino group, N,N-di(iso-pentyl) 
amino group, N,N-di(neopentyl)amino group, N,N-di(n-hexyl)amino group, N,N-di(1-methylpropyl)amino group, N,N- 
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di(1.2-dimethylpropyl)amino group, N-methyt-N-ethylamino group, N-ethyl-N-(n-propyl)amino group, N-methyi-N-(i- 
propyl)amino group, vinylamino group, allytamino group, (1 -propenyQamino group, isopropenylamino group,<(1 -buten- 

1- yi)amino group, (1-buten-2-yT)amino group, (1-buten-3-yl)amino group, (2-buten-1 -yQamino group, (2-buten^2-yl) 
amino group, N,N-divinylamino group, N,N-diallylamino group, N,N-di(1-propenyl)amino group, N.N-isopropenylamino 
group, N-vinyKN-allyiamino group, ethynylamino group, 1 -propynylamino group, 2-propynylamino group, butynytamino 
group, pentynylamino group, hexynylamino group, N,N-diethynylamino group, N,N^1-propyny1)amino group, N, 
N-(2-propynyl)amino group, N,N-dlbutynylamino group, N.N-dipentynylamino group, N,N-dihexynylamino group, hy- 
droxymethylamino group, 1 -hydroxyethylamino group, 2-hydroxyethylamlno group, 3-hydroxy-n-propyi group, methyi- 
sutfonytamtno group, ethyl su If onytamino group, n-propylsulfonytamino group, iso-propylsulfonytamino group, n-butyl- 
sulfonytamino group, tert-butylsulfonylamino group, vinylsulfonylamino group, allylsulfonylamino group, iso-propenyl- 
sulfonylamino group, iso-pentenytsulf onytamino group, ethynyteulfonylamino group, methytcarbonytamino group, 
ethyfcarbonylamino group, n-propytearbonylamino group, iso-propylcarbonylamino group, n-butytcaroonylamino 
group, tert-butylcarbonylamino group, vlnyfcarbonylamino group, allylcarbonylamino group, iso-propenyfcarbonytami- 
no group, iso-pentenytcarbonylamlno group, ethynylcarbonylamlno group, etc. 

[0031] As the •substftuent group" in the "which may have a substituent group" used In this specification, a halogen 
atom (for example, fluorine atom, chlorine atom, bromine atom, iodine atom etc.). hydroxy! group, nftro group, cyano 
group, a C 1<€ aikyl group (for example, methyl group, ethyl group, n-propyt group, iso-propyl group, n-butyl group, iso- 
butyl group, sec-butyl group, tert-butyl group, n-pentyl group, 1 ,1 -dimethytpropyl group, 1 ,2-dimethylpropyl group, 
2,2-dlmethylpropyl group, 1 -ethylpropyl group, 2-ethylpropyl group, n-hexyl group, 1-methyl-2-ethylpropyl group etc.), 
a Cm alkenyl group (for example, vinyl group, allyl group, 1-propenyl group, 2-propenyl group, isopropenyl group, 

2- methyl-1-propenyl group, 3-methyl-1-propenyl group, 2-methyt-2-propenyl group, 3-methy1-2-propenyl . grtpip, 
i-butenyi group, 2-butenyl group, 3-butenyl group, 1-pentenyl group, 1-hexenyl group, 1,3-hexanedienyl group, 
1,6-hexanedienyl group, etc.), a C 2< alkynyl group (for example, ethynyl group, 1-propynyl group, 2-propynyl group, 
1-butynyl group, 2-butynyl group, 3-butynyl group, 3-methyM -propynyl group, 1 -ethynyt-2-propynyl group, 2-rnethyi- 

3- propynyl group, 1-pentynyl group, 1-hexynyl group, 1 ,3-hexanediynyl group, 1 , 6-hexanediynyi group, etc.), a 
alkoxy group (for example, methoxy group, ethoxy group, n-propoxy group, iso-propoxy group, sec-propoxy group, n- 
butoxy group, iso-butoxy group, sec-butoxy group, tert-butoxy group, n-pentyloxy group, iso-pentyloxy group, sec- 
pentyloxy group, n-hexoxy group, etc.), a Cj^ alkenyloxy group (for example, vinyloxy group, allyloxy group, 1 -prope- 
nyloxy group, 2-propenyloxy group, isopropenytoxy group, etc.), a alkynyloxy group {for example, ethynyioxy 
group, 1 -propynyloxy group, 2-propynytoxy group, etc.), aC 14 alkytthio group (for example, methylthio group, ethytthio 
group, n-propylthio group, iso-propytthio group, sec-propytthto group, n-butytthto group, iso-butytthio group, sec- 
butylthio group, tert-butylthio group, etc.), a aikenylthio group (for example, vinyfthio group, alfytthio group, 1-pro- 
penytthio group, 2-propenytthio group, etc.), a alkynylthio group (for example, ethynytthlo group, 1-propynytthio 
group, 2-propynylthio group, etc.), a C2.7 fatty acyl group (for example, acetyl group, propionyl group, butyroyl group, 
etc.), carbamoyl group, arylacyt group, heteroarylacyl group, amino group, a C t-6 alkylsulfonyl group, a alkenyl- 
sulfonyl group, a alkynylsulfonyl group, a C t ^ alkylsulfinyl group, C M alkenyteulfinyl group, a alkynylsulfinyl 
group (for example, methyls u If onyl group, ethytsulfonyl group, n-propytsutfonyl group, iso-propyteulfonyf group, n-bu* 
tylsutfonyl group, tert-butylsulfonyl group, vinylsulfonyl group, allylsulfonyl group, iso-propenylsutfonyl group, iso-pen- 
tenytsulfonyl group, ethynylsulfonyl group, methylsulfinyl group, ethylsutfinyl group, n-propylsulfinyl group, iso-propyl- 
sulfinyl group, n-butylsulfinyl group, tert-butylsulfinyl group, vinylsutfinyi group, alrylsulfinyl group, iso-propenylsutfinyl 
group, iso-pentenylsulfinyl group, ethynylsulfinyl group, etc.), formyl group, a cycloalkyl group (for example, cy- 
clopropyl group, cydobutyl group, cyclopentyl group, cydohexyl group, cycJoheptyl group, cyclooctyl group etc.), a 
G&a cycloalkenyl group (for example, cyciopropenyl, cydobutenyl, cyclopentenyl, cyclohexenyl group, etc.), a 5- to 
14-membered non-aromatic heterocyclic group (for example, pyrrolidinyl group, pyrrolyl group, piperidlnyl group, pip- 
erazlnyl group, imldazotyl group, pyrazolidyl group, imldazolidyl group, morpholyl group, tertrahydrofuryt group, tet- 
rahydropyranyt group, pyrrolinyi group, dlhydrofuryl group, dihydropyranyl group, imldazolinyl group, oxazolinyl group, 
a group derived from a pyridone ring, a group derived from a phthairmide ring or succinimide ring, etc.), a Ce_ 14 aromatic 
hydrocarbon cyclic group (for example, phenyl group, indenyl group, 1-naphthyl group, 2-naphthyl group, biphenyl 
group, indacenyt group etc.), a 5- to 1 4-membered aromatic heterocyclic ring (for example, pyrrolyl group, pyridyl group, 
pyridazinyl group, pyrimidlnyl group, pyra2iny! group, triazolyl group, tetrazolyl group, benzotriazotyl group, pyrazolyl 
group, imidazolyl group, benzimidazolyl group, indotyl group, iso-tndolyl group, indolizinyl group, purinyl group, inda- 
zolyl group, quinolyl group, iso-quinolyi group, quinolizyl group, phthalazyl group, naphthytidinyl group, quinoxalyl 
group, quinazolinyl group, cynnolinyl group, pteridinyl group, imidazotriazinyl group, pyrazinopyridazinyl group, acrid- 
inyl group, phenanthridinyl group, carbazolyl group, carbazolinyt group, perimidinyl group, phenanthrolinyl group, phen- 
acinyl group, imidazopyridinyi group, imidazopyrimidinyt group, pyrazolopyridinyl group, pyrazolopyridinyt group, 
thienyl group, benzothienyl group, fury! group, pyranyi group, cyclopentapyranyl group, benzofuryl group, iso-benzo- 
furyl group, thiazolyl group, iso-thlazolyl group, benzothiazofyl group, benzthiadiazoryl group, phenothiazinyl group, 
isoxazolyl group, furazanyl group, phenoxazinyl group, oxazolyl group, isoxazoyl group, benzoxazolyl group, oxadia- 
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zolyl group, pyrazoloxazolyt group, imidazothiazolyi group, thienofuranyl group, furopyrrolyt group, pyridoxadinyl group 
etc.), and these substituent groups may further have substituent groups. 

[0032] In the formula (I) above, R 1 represents cyano group, carboxyl group or acarbamoyl group which may have 
a substituent group, and the most preferable group is not particularly limited. As the preferable example of the "sub- 

5 stituent group" in the "carbamoyl group which may have a substituent group", a group selected from a-C,^ alkyl group 
which may have a substituent group, a alkenyt group which may have a substituent group, aC^ alkynyl group 
which may have a substituent group, a cycloalkyl group which may have a substituent group, aC^ cycloalkenyl 
group which may have a substituent group, a Ce_ 14 aromatic hydrocarbon cyclic group which may have a substituent 
group, a 5- to 14-membered aromatic heterocyclic group which may have a substituent group etc. may be proposed. 

io The nitrogen atom in the carbamoyl group may be substituted with one or two groups selected from the substituent 
groups described above. Further, the above-mentioned substituent groups may be bound together to form a 3- to 
14-membered nitrogen-containing ring (for example, pyrrol tdyt group, pyrrolinyl group, piperidyl group, piperazinyl 
group, imidazolyl group, pyrazolidyl group, imidazolidyl group, morphotinyi group, tetrahydropyranyl group, aziridinyl 
group, oxiranyl group, oxathiolanyl group, phthalimidoyl group, succinimidyl group, pyrrolyl group, pyridyl group, pyri- 

15 dazinyl group, pyrimldinyl group, pyrazinyl group, pyrazoryl group, etc.), and the nitrogen-containing rings may further 
have substituent groups. 

[0033] Preferable groups of R 2 in the formula (I) above are not particularly limited, but more preferable groups include 
hydrogen atom, a alkoxy group, phenyl, naphthyl, pyridyl, pyridazyl, pyrtmidyl, pyrazyi, thienyf, furyl and imidazolyl 
groups, each of which may have a substituent group, and further preferably hydrogen atom. 

so [0034] In the formula (I) above, R 3 and R 4 are independent of each other and each represents a>C M cycloalkyl 
group, a cycloalkenyl group, aC^ aromatic hydrocarbon cyclic group, aS- to 14-membered non-aromatic het- 
erocyclic group or a 5- to 14-membered aromatic heterocyclic group, each of which may have a substituent group, and 
preferable groups include a C^ u aromatic hydrocarbon cyclic group (for example, phenyl group, naphthyl group etc.), 
a 5- to 14-membered non-aromatic heterocyclic group (for example, pyrrolldtnyt group, pyrrolinyl group, piperidinyl 

25 group, piperazinyl group, imidazolinyl group, pyrazolidinyl group, imidazolidinyl, morpholinyl group, tetrahydropyranyl 
group, aziridinyl group, oxiranyl group, oxathiolanyl group, a 6-oxo-1 ,6-dihydropyridyl group whose nitrogen atom may 
be substituted etc.) or a 5- to 14-membered aromatic heterocyclic group (for example, pyrrolyl group, pyridyl group, 
pyridazinyl group, pyrimidinyl group, pyrazinyl group, pyrazoryl group, imidazolyl group, indolyl group, isoindolyl group, 
indolizinyl group, quinotinyl group, isoquinolinyl group, quinoiizinyl group, phthalazinyl group, naphthyridyl group, qui- 

30 noxatyl group, quinazolyl group, imidazotrtazinyl group, pyrazinopyridazinyl group, thienyl group, benzothienyl group, 
furyl group, pyranyt group, cyclopentapyranyl group, benzof uryl group, isobenzofuryl group, thiazolyl group, isothiazolyl 
group, benzthiazoryl group, benzthiadiazoryl group, phenothiazyl group, isoxazolyl group, pyrazoloxazolyt group, imi- 
dazothiazolyl group, thienofuryl group, furopyrrolyl group, pyridoxazinyl group etc.), and these substituent groups may 
have substituent groups. As the more preferable examples of R 3 and R* for example, groups represented by the 

35 formulae: 



40 



45 



SO 




which may be substituted, respectively. When the above-mentioned 6-oxo-1 ,6-dihydropyridyl group has a substituent 
group, the case where the substituent group is bound to the nitrogen atom is also included. 

[0035] As the "substituent" in the "C^ cycloalkyl group which may have a substituent group", "C^ cycloalkenyl 
55 group which may have a substituent group", a Ce-i4 aromatic hydrocarbon cyclic group which may have a substituent 
group", "5- to 1 4-membered non-aromatic heterocyclic group which may have a substituent group" and "5- to 14-mem- 
bered aromatic heterocyclic group which may have a substituent group" represented by R 3 and R 4 , (1) one or more 
groups selected from hydroxyl group, a halogen atom, cyano group, nitro group, a C 14 alkyl group which may have a 
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substftuent group, a alkenyl group which may have a substrtuent group, aC^ alkynyl group which may have a 
substituent group, a alkoxy group which may have a substituent group, a alkeny toxy group which may have 
a substituent group, a alkyithio group which may have a substituent group, aC M alkenyfthio group which may 
have a substituent group, a alkynytthio group which may have a substituent group, a substituted carbonyl group, 

5 an amino group which may have a substituent group, aC H aUcylsutfonyl group which may have a substituent group, 
a C2.6 alkenylsulfonyl group which may have a substrtuent group, a C M alkynytsurfonyl group which may have a 
substftuent group, a C 1a6 alkylsurfinyl group which may have a substituent group, a C^e alkenylsufftnyt group which 
may have a substituent group, a C2.6 aikynytsulflnyl group which may have a substituent group, a formyi group, a 
cydoalkyl group which may have a substituent group, a C M cydoalkenyl group which may have a substituent group, 

10 a 5- to 14-membered non-aromatic heterocyclic group which may have a substituent group, a C 6 . 14 aromatic hydro- 
carbon cyctic group which may have a substituent group and a 5- to 14-membered aromatic heterocyclic group which 
may have a substituent group are preferred; (2) one or more groups selected from 1) hydroxyl group, 2) a halogen 
atom, 3) cyano group, 4) nitro group, 5) a C 1<6 alkyl group, alkenyl group or alkynyl group, each of which may 
be substituted with at least one group selected from (i) hydroxy! group, (il) cyano group, (iii) halogen atom, (iv) 

13 alkylamino group, (v) difC^ alkyQamino group, (vi) atkenylamino group, (vii) d\(C^ alkenyl)amino group, (viii) 
C2-6 alkynylamino group, (ix) dijo^ alkynyl)amino group, (x) N-C 1-6 alkyl-N-C^ alkenylamlno group, (xi) NtC 1-6 
alkyt-N-C^ alkynylamino group, (xiO N-C M alkenyt-N-C^ alkynylamino group, (xiiO aralkyloxy group, ~(xiv) TBDMS 
oxy group, (xv) C 14 alkylsutf onytamin 0 group, (xvO C 1-6 alkytearbonytoxy group, (xvil) alkeny Icarbonytoxy group, 
(xviii) C2-6 alkynylcarbonyloxy group, (xix) N^C 1-6 alkylcarfoamoyl group, (xx) N-C^ alkenylcarbamoyl group and(xxi) 

so N-C^ aikynylcarbamoyl group, 6) a alkoxy group, alkenyloxy group or alkynyloxy group, each of which 
may be substituted with at least one group selected from (i) C 1-6 alkylamino group, (II) aralkyloxy group and (Iii) hydroxyl 
group, 7) a alkyithio group, alkenylthio group or alkynytthio group, each of which may be substituted with 
at least one group selected from (I) hydroxyl group, (II) nttrile group, (iii) halogen atom, (rv) C 1-6 alkylamino group, <v) 
aralkyloxy group, (vi) TBDMS oxy group, (vii) alkylsulfonylamino group, (viii) C 1-6 alkytearbonyloxy group and (ix) 

23 c 1<6 alkytcarbamoyi group, B) a carbonyl group substituted with a group selected from (i) C,^ alkoxy group, (ii) amino 
group, (iii) alkylamino group, (iv) di(C 1-6 alkyl)amino group, (v) C24 alkenylamino group, (vi) difC^ alkenyljamino 
group, (vii) alkynylamino group, (vii) di(C 2a6 alkynylamino group, {viii) N-C,^ afkyl-N-C^-s alkenylamino group, 
(ix) N-C 1-6 alkyt-N-C^ alkynylamino group and (x) N-C^ alkenyi-N-C^ alkynylamino group, 9) an amino group which 
may be substituted with one or two groups selected from (1) C 1<6 alkyl group, (ii) C M alkenyl group, (iii) alkynyl 

30 group, (iv) aikylsulfonyl group, (v) alkenylsulfonyl group, (vi) alkynylsulfonyl group, (vii) C 1-e alkytcarbonyt 
group, (viii) alkeny tearbonyl group and (ix) alkynylcarbonyl group, 10) a aikylsulfonyl group, 11) a 
alkenylsulfonyl group, 12) a alkynylsulfonyl group, 13) a C 1a6 alkylsurfinyl group, 14) a C 2 ^ alkenytsulfinyl group, 
15) a aikynytsulflnyl group, 16) formyi group, 17) a cydoalkyl group or cydoalkenyl group, each of which 
may be substituted with at least one group selected from (i) hydroxyl group, (ii) halogen atom, -(Hi) nitrite group, (iv) 

35 alkyl group, (v) C 1-6 alkoxy group, (vi) C 1-6 alkoxy-C^ alkyl group and (vii) araJkyl group, 1 8) a 5- to 1 4-membered 

non-aromatic heterocyclic group which may be substituted with at least one group selected from (i) hydroxyl group, (ii) 
halogen atom, (iii) nitrite group, (iv) C 1-6 alkyl group, (v) C 1-6 alkoxy group, (vi) C 1-6 alkoxy-C,^ alkyl group and (vii) 
araikyl group, 1 9) a C G>14 aromatic hydrocarbon cyclic group which may be substituted with at least one group selected 
from (0 hydroxyl group, (ii) halogen atom, (iii) nrtrile group, (iv) alkyl group, (v) C 1-6 alkoxy group, <vi) C,^ 

40 alkoxy-C,^ alkyl group and (vii) araikyl group, and 20) a 5- to 14-membered aromatic heterocyclic group which may 
be substituted with at least one group selected from (I) hydroxyl group, <ii) halogen atom, (iii) nrtrile group, -(iv) C 1-6 
alkyl group, (v) C 1a6 alkoxy group, (vi) C,^ alkoxy-C^ alkyl group and Xvil) araikyl group are more preferred; and (3) 
one or more groups selected from hydroxy group, a halogen atom (for example, fluorine atom, chlorine atom, bromine 
atom, iodine atom, etc.), cyano group, nitro group, a€ H alkyl group (for example, methyl group, ethyl group, n-propyl 

45 group, iso-propyl group, n- butyl group, iso-butyl group, tert-butyi group, n-pentyl group, l-pentyl group, neopentyl group, 
n-hexyl group, etc.), a C 2 ^ alkenyl group (for example, vinyl group, alfyt group, 1-propenyt group, isopropenyl group, 
etc.), a alkynyl group (for example, ethynyl group, 1-propynyl group, 2-propynyl group, butynyl group, pentynyl 
group, hexynyl group, etc.), a C 14 alkoxy group (methoxy group, ethoxy group, n-propoxy group, iso-propoxy group, 
n-butoxy group, etc.) and a C 2 _6 alkenyloxy group (vinyloxy group, allyloxy group, 1 -property loxy group, isopropenytoxy 

so group, etc.) are the most preferred. 

[0038] The preferable mode of the compound represented by the formula (I) above according to the present invention 
or a salt thereof is not particularly limited, among which more preferable mode is a compound or a salt thereof, wherein 
R 3 is a group represented by the formula: 

55 



14 



EP 1 308 441 A1 




(wherein R 7 represents a group selected from the above substituent group b; and ring A represents a nitrogen-con- 
taining 6-membered ring which may be substituted with 1 to 4 groups selected from the above substituent group b), 
and still more preferable mode Is a compound represented by the formula: 




(wherein R 1 represents cyano group, carboxyl group or an optionally substituted carbamoyl group; R 2 represents hy- 
drogen atom, hydroxy! group, a alkoxy group which may have a substituent group, a alkylthio group which 
may have a substituent group, a Ce_ u aromatic hydrocarbon cyclic group which may have a substituent group or a«- 
to 14-membered aromatic heterocyclic group which may have a substituent group; R 7 represents a group selected 
from the above substituent group b; R 8 represents a C^ 4 aromatic hydrocarbon cyclic group or a 5- to 14-membered 
aromatic heterocyclic group, each of which may have a substituent group; ring A represents a nitrogen-containing 
6-membered ring which may be substituted with 1 to 4 groups selected from the substituent group b above) or a salt 
thereof. The preferable mode of each R 1 , R 7 and R 8 are as described above. 

[0037] In this specification, the "salt 0 is not particularly limited insofar as it forms a salt with the compound accroding 
to the present invenvention and is pharmacologically acceptable. Preferably, hydrogen halides (for example, hydroflu- 
oride, hydrochloride, hydrobromide and hydrolodide), inorganic acid salts (for example, sulfate, nitrate* perchlorate, 
phosphate, carbonate and bicarbonate), organic carboxyiic acid salts (for example, acetate, trifluoroacetate, oxalate, 
maleate, tartrate, fumarate and citrate), organic sulfonic acid salts (for example, methanesulfonate, trifluorometh- 
anesulfonate, ethanesulfonate, benzenesulfonate, totuenesulfonate and camphor sulfonate), amino acid salts (for ex- 
ample, aspartate and glutamate), quaternary amine salts, alkali metal salts (for example, sodium saJt and potassium 
salt), alkaline earth metal salts (for example, magnesium salt and calcium salt) , etc. may be proposed., and hydro- 
chloride, oxalte etc. are more preferred as the "pharmacologically acceptable salt". 

Production process 



[0038] A typical process for producing the compound according to the present invention represented by the above 
formula (I) will be shown below. Here, the "room temperature" mentioned below refers to 0 to around 40°C. 

Production process 1 
[0039] 



R 4a -COOR* 




(i) <hV 

[0040] In the formula, R 38 ' represents a S- to 14-membered aromatic heterocyclic group which has a nitrogen atom 
at the 4-position and may have a substituent group «(f or example, 4-pyrtdyi group, 4-pyrimidinyt group, 4-pyridazinyl 
group, etc.); R 4 * represents aX: Smi4 aromatic hydrocarbon cyclic group which may have a substituent group or a 5- to 
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1 4-membered aromatic heterocyclic group which may have a substituent group; and R 9 represents a alkyl group. 
The 1 ,2-biaryM -ethanone compound (ii)' as the starting materia] of the compound represented by the above formula 
(I) according to the present invention can be produced by reacting the aromatic carboxylate (i) with a 4-methyl aromatic 
heterocyclic compound represented by the formula R^'-CHa in the presence of a base in a solvent, followed by deal- 

5 coholic condensation. The base used varies depending on the starting materia], the solvent used etc., and is not par- 
ticularly limited so long as it is inert to the reaction. Preferably, secondary amine metal salts represented by lithium bis 
(trimethylsilyQamide and lithium diisopropylamide may be proposed. The solvent used varies depending on the starting 
material, reagents etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the starting 
material to a certain degree. Preferably, ethers such as tetrahydrofuran, dioxane, dimethoxy ethane or diethytene glycol 

w may be proposed. The reaction temperature is usually -78°C to room temperature, preferably around 0°C. 

■ 

Production Process 2 
[0041] 

15 



R 4fl -CHO 

20 




(iii) (ii)' 

[0042] In the formula, R 3 *" represents a Cg.14 aromatic hydrocarbon cyclic group which may have a substituent group 

23 or a 5- to 1 4-membered aromatic heterocyclic group which may have a substituent group; R 40 has the same meaning 
as defined above; and X 1 represents a halogen atom, an alkylsulfonyloxy group or an arylsulfonyloxy group. The 
1,2-biaryM-ethanone compound (ii) as the starting material for producing the compound represented by the above 
formula (I) according to the present invention can also be produced by Production Process 2 instead of the above- 
mentioned Production Process 1. That is, it is produced by allowing an aromatic trialkylsilyl cyanohydrin compound 

30 prepared from the aromatic aldehyde (iii) to be condensed with a compound represented by the formula R^'-Cfyc 1 
in the presence of a base; and then allowing a fluorine compound to act, followed by decyanating triaikylsilylation. As 
the reagent used for preparing the aromatic trialkylsilyl cyanohydrin from (iii), using a trialkylsilyl cyanide compound 
represented by trimethylsilyl cyanide is preferred. In this case, simultaneously using a metal salt such as zinc (II) iodide 
as a catalyst is also preferred, and it makes possible to achieve rapid reaction. The base used varies depending on 

35 the starting material, the solvent used etc. , and is not particularly limited so long as it is inert to the reaction. Preferably, 
secondary amine metaJ salts represented by lithium bis(trimethylsilyl)amide and lithium diisopropylamide, etc. may be 
proposed. The fluorine compound used varies depending on the starting material, the solvent used etc., and is not 
particularly limited so long as it is inert to the reaction. Preferably, hydrofluoric acid, hydrofluoride amine, and more 
preferably tetrabutylammonium fluoride may be proposed. The solvent used varies depending on the starting material, 

40 reagents etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the starting material to a 
certain degree. Preferably, ethers such as tetrahydrofuran, dioxane, dimethoxy ethane or diethytene glycol may be 
proposed. The reaction temperature is preferably -78°C to room temperature. 

Production Process 3 

45 

[0043] 



50 




(ii) (IV) 

55 

[0044] In the formula, R 33 and R 4 * represent aC& u aromatic hydrocarbon cyclic group which may have a substituent 
group or a 5- to 1 4-membered aromatic heterocyclic group which may have a substituent group. The 3-(dimethylamino)- 
2-propen-1 -one derivative (iv) is the starting material for producing the compound (I) according to the present invention. 
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(iv) can be produced by allowing N.N-dimethylformamide dimethylacetal to act on active methylene of (ii) produced in 
the above-mentioned Production Process 1 or 2. This reaction is carried out most preferably in the absence of a solvent, 
but preferable results can be achieved even if it is carried out by diluting with a solvent which is inert to the reaction 
and dissolves the starting material to a certain degree (for example, N.N-dimethytformarnide, tetrahydrof uran, dioxane, 
5 N,N-methy1pyrrolidone t benzene, toluene etc), etc. The reaction temperature is usually room temperature to 120°C, 
more preferably around 100°C. 

[0045] Using the compounds obtained in the above-mentioned Production Processes 1 to 3, the compound (vii) 
according to the present invention can be produced as follows. 

to Production Process 4 

[0046] 




<vj) tvii) 

30 [0047] In the formula, R 3 * and R 4 * have the same meanings as defined above; and X 2 represents a halogen atom. 
The compound (vii) can be produced via the intermediates (v) and (vi) in this order from the compound (iv) obtained 
in the above-mentioned Production Process 3 (steps 4-(1 ) to 4-(3) in the formula). The 2-oxo-1 ,2-dihydro-3-pyridylcar- 
bonitrile derivative (v) can be produced by reacting (iv) with 2-cyanoacetamlde In the presence of a base (step 4-<1)). 
The base used varies depending on the starting material, the solvent used etc., and is not particularly limited insofar 

33 as it is inert to the reaction. Preferably an alkali metal alkoxide such as sodium methoxide, sodium ethoxide or potas- 
sium tert-butoxide may be proposed. Further, also by using alkali metal carbonates such as potassium carbonate or 
sodium carbonate, a preferable result can be obtained. The solvent used varies depending on the starting material, 
reagents etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the starting material to a 
certain degree. Preferably, N.N-dimethylformamide, N-methytpyrrolidone, dimethyl sulfoxide, methanol, ethanol etc. 

40 may be proposed. The reaction temperature is usually room temperature to 1 20°C, more preferably around B0°C. The 
2-halogeno-3-pyridylcart>onitrile derivative (vi) can be produced by converting an oxo group in (v) into a halogen atom 
(step 4-(2)). The reaction is conducted preferably in the absence of a solvent. Further, when It is conducted by being 
suspending in a solvent which is inert to the reaction and dissolves the starting material to a certain degree (for example, 
acetonitrite, dioxane, tetrahydrof uran etc.), a preferable result can be also obtained. The halogenatlng agent used for 

45 converting the oxo group into a halogen atom varies depending on the starting material, the solvent used etc., and is 
not particularly limited so long as it is inert to the reaction. Preferably, phosphorus oxychloride, phosphorus oxybromide 
etc. may be proposed. It is preferably conducted by acting these halogenating agent at a reaction temperature of 70 
to 120°C. Further, when a tertiary amine such as tripropylamine, a quaternary amine salt such as tetraethyl ammonium 
chloride, or N.N-dimethylformamide etc., is added to this reaction system, the reaction is further promoted and a good 

so result can be obtained. The 2-amino-3-pyridytearbonitrile compound (vii) according to the present invention can be 
produced by reacting X 2 (halogen atom) in (vi) with ammonia (step 4-(3)). The present reaction is carried out usually 
at 0 to 150°C, more preferably in an autoclave (50 to 100°C). The solvent used varies depending on the starting 
material, reagents etc., and is not particularly limited insofar as It is inert -to the reaction and dissolves the starting 
material to a certain degree. Preferably, alcohols such as methanol or ethanol, ethers such as tetrahydrofuran, dioxane, 

55 dimethoxyethane or diethylene glycol dimethyl ether, N.N-dimethytforrnamide, 1 -methyl pyrrolidinone etc. may be pro- 
posed. 
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Production Process 5 
[0048] 



R 3b. X 3 ^ H 3b -SnY a 

Mil) (ix) 



[0049] In the formula, R 3 * represents a C 6 . 14 aromatic hydrocarbon cyclic group which may have a substituent group 
or a 5- to 14-membered aromatic heterocyclic group which may have a substituent group; X 3 represents a halogen 
atom; and Y represents aC 1-6 alkyl group. The aryl tin reagent (ix) used in the "step 6-(4)* in Production Process 6 

is can be produced by lithiation of an aryt haiide (vui); and then allowing halogenotrialkyl tin to act . In the lith iation reaction, 
use of alkyl lithium such as n-butyl lithium, sec-butyl lithium, tert-butyl lithium etc. is preferred. The halogenotriaJkyt tin 
used varies depending on the starting material, the solvent used etc., and is not particularly limited so long as it is inert 
to the reaction. Preferably, trimethyttin chloride such as chforotributyttin, or triethyttin bromide etc. may.be proposed. 
The solvent used varies depending on the starting material, reagents etc., and is not particularly limited insofar as it is 

20 inert to the reaction and dissolves the starting material to a certain degree. Preferably, an ether such as tetrahydrof uran, 
diethyl ether etc. may be proposed. The reaction temperature is preferably -100*0 to room temperature. 
[0050] When the 3-(dimethy!amino)-2-propen-1 -one derivative obtained by subjecting the compound (acetytated aryl 
or acetytated heteroaryl represented by the formula R^COChy wherein R 3 * in (H) was replaced by a hydrogen atom 
to the reaction in Production Process 3, is further subjected to "step 4-(1 )" in Production Process 4, the compound (x) 

25 wherein R 38 in (v) was replaced by a hydrogen atom is obtained. The method of producing the compound (xiv) according 
to the present invention from the compound (x) is shown below. 

Production Process 6 

30 [0051] 

OyM R<* Step 6-0)^ H 2 NOC^O_M R* 

(x) (xi> 

40 

Slep6-(2) H a N >^ N ^ R4a Step 6-(3) HaN^N^R 4 " 

— XT *~ XX 



(sii) Cxi i i) 

Step 6- (4) HaN^N^R* 

(xiv) 

[0052] In the formula, R 3 * and R 4 ® have the same meanings as defined above; and X 4 represents a halogen atom. 
The compound (xiv) according to the present invention can be produced from (x) through steps*6-r(1 ) to 6-{4) (interme- 
diates (xi) to (xiii)). The compound (xi) -can be produced by alkylating an oxygen atom at the 2-posrtion in <x) with 
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2-halogenoacetamide in the presence of a base (step 6-(l )). The 2-halogenoacet amide used varies depending on the 
starting materia], the solvent used etc., and is not particularly limited so long as It is inert to the reaction. The reaction 
conducted by using 2-chloroacetamide is preferred, and conducted by further adding sodium iodide is more preferred. 
The base used varies depending on the starting material, the solvent used etc., and is not particularly limited so long 

5 as it is inert to the reaction. Preferably, sodium hydride, sodium hydroxide, potassium hydroxide, sodium bicarbonate, 
sodium carbonate and potassium carbonate may be proposed. The solvent used varies depending on the starting 
material, reagents etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the starting 
material to a certain degree. Preferably, ketones such as acetone or methyl ethyl ketone, alcohols such as methanol 
or ethanol, ethers such as tetrahydrofuran, dioxane, dimethoxy ethane or diethylene glycol dimethyl ether, N.N-dimeth- 

10 ytformamide, dimethyl sulfoxide, 1 -methyl pyrrolidinone etc. may be proposed. The reaction temperature is usually 0 
to 1 00°C. The compound (xii) can be produced by transaminatingthe 2-aminocarbony1methyloxy-3-cyanopyridine de- 
rivative (xi) in the presence of a base in a solvent (step 6-{2)). The base used varies depending on the starting material, 
the solvent used etc., and is not particularly limited so long as ft is inert to the reaction. Preferably, sodium hydride, 
sodium hydroxide, potassium hydroxide, sodium bicarbonate, sodium carbonate, potassium carbonate etc. may be 

is proposed. The solvent used varies depending on the starting material, reagents etc and is not particularly limited 
insofar as a is inert to the reaction and dissolves the starting material to a certain degree. Preferably, ketones such as 
acetone or methyl ethyl ketone, alcohols such as methanol, ethanol, propano) or butanol, ethers such as tetrahydro- 
furan, dioxane, dimethoxyethane or diethylene glycol dimethyl ether, N,N -dlmethytform amide, dimethyl sulfoxide, 1 -me- 
thyl pyrrolidinone etc. may be proposed. The reaction temperature is usually room temperature to 160°C. The com- 

20 pound (xilf) can be produced by halogenating the 5-posftion of the pyridine ring in the 2-aminonlcotinonitrile derivative 
(xii) with a halogenating agent in a solvent (step 6-(3)). As the halogenating agent used, N-bromosuccinimide, bromine 
etc. are preferred. The solvent used varies depending on the starting material, reagents etc., and is not particularly 
limited insofar as it is inert to the reaction and dissolves the starting material to a certain degree. Preferably, alcohols 
such as methanol or ethanol, ethers such as tetrahydrofuran, dioxane, dimethoxyethane or diethylene glycol dimethyl 

25 ether, N.N-dimethylf ormamide, 1 -methyl pyrrolidinone etc. may be proposed. The reaction temperature is usually -20°C 
to room temperature. The compound (xiv) according to the present invention can be produced by allowing the aryl tin 
reagent obtained in Production Process5 to acton the 2-amino-5-halogenonicotinonitrile derivative (xiii) inthepresence 
of a palladium catalyst in a solvent to introduce an aromatic group into the 5-position of the pyridine ring in (xiii) (step 
6-(4)). The palladium catalyst used varies depending on the starting material, the solvent used etc., and is not partic- 
le ulariy limited so long as it is inert to the reaction. Preferably, dtchlorobis(triphenylphoshine) palladium (II), palladium 
(II) acetate, tetrakis(triphenylphosphine) palladium (0), tris(dibenzylidene acetone) dipalladium (0) etc. may be pro- 
posed. The solvent used varies depending on the starting material, reagents etc., and is not particularly limited insofar 
as it is inert to the reaction and dissolves the starting material to a certain degree. Preferably, alcohols such as methanol 
or ethanol, ethers such as tetrahydrofuran, dioxane, dimethoxyethane or diethylene glycol dimethyl ether, toluene, 

35 xylene, N,N-dimethytformamide, 1 -methyl pyrrolidinone etc. may be proposed. The reaction temperature is usually 
room temperature to 150°C. 

[0053] Out of the compounds represented by the above formula (I) according to the present Invention, those com- 
pounds wherein R 2 , R 3 and/or R 4 represent an o-hydroxy nitrogen-containing aromatic heterocyclic group having a 
hydroxy! group at the a-position of the nitrogen atom can be produced as follows. 
40 [0054] For example, the compound (xvi) having an a-hydroxy nitrogen-containing aromatic heterocyclic group at the 
5-position of the pyridine ring can be produced by hydrolysis of the a-alkoxy nitrogen-containing aromatic heterocyclic 
compound (xv). 

Production Process 7 

45 

[0055] 
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[00S6] In the formula, R 4 * has the same meaning as defined above; R 10 represents aC^ alley! group, a<^ alkenyt 
group, a aJkynyt group etc.; the ring A 1 represents a pyridinyl group, pyrimidyl group and pyrazinyl group; and the 
ring A 2 represents a dihydrooxopyridinyl group, a dihydrooxopyrimidyl group, a dihydropyrazinyl group or a tetrahy- 
dropyrazinyl group. The reaction is carried out preferably in an aqueous solution of a mineral acid such as, for example, 
hydrochloric acid, hydrobrormc acid or sulfuric acid, or in a mixed solvent of the above-mentioned aqueous solution of 
the mineral acid and acetic acid. The reaction temperature is usually room temperature to 100°C. 
[0057] Further, a substrtuent can be introduced into the a-hydroxy nitrogen-containing aromatic heterocyclic ring in 
the compound (xvi) according to the present invention obtained by the above-mentioned Production Process 7, by the 
following method. 

Production Process 8 

[0058] 




(xvi) (xvii) 



[0059] In the formula, R 4 * and ring A 2 have the same meanings as defined above; R 11 represents aC 1-6 alky! group, 





J Li 







reacted with an alkyl halide compound etc. in the presence of a base in a solvent, whereby the compound {xvii) having 
a substituent group introduced into the nitrogen atom on the ring A 2 can be produced; The base used varies depending 
on the starting material, the solvent used etc., and is not particularly limited so long as it is inert to the reaction. Pref- 
erably, sodiumhydride, sodium hydroxide, potassium hydroxide, sodium bicarbonate, sodium carbonate and potassium 
carbonate may be proposed. The solvent used varies depending on the starting material, reagents etc., and is not 
particularly limited insofar as it is inert to the reaction and dissolves the starting material to a certain degree. Preferably, 
alcohols such as methanol or ethanol, ethers such as tetrahydrofuran, dioxane, dimethoxyethane or diethylene glycol 
dimethyl ether, N.N-dimethytformamide, dimethyl sulfoxide, 1 -methyl pyrrol idinone, etc. may be proposed. The reaction 
temperature is usually 0 to 100°C. 
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Production Process 9 
[0080] 

5 

R'- ch. . 

io (xviit) (xix) (xx) 

N^R 4 * u ^O^N^R" 
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Step 9-(2) r S(ep 9-(3) fc H 2 N XJ 



r2» R 2 " 

(xx i) (xx ii) 



Siep 9-(4) > V Y Step 9- (5) fc J* |f 

R 2 * R 2 " 



Step 9- (6) 



(xxiii) (xxiv) 

H^N R** 



R 2 * 

(XXV) 



[0061] In the formula, R 38 , R 4 * and X 4 have the same meanings as defined above; and R 2a represents aC 6 . 14 
aromatic hydrocarbon cydic group which may have a substituent group or a 5- to 1 4-membered aromatic heterocyclic 
group which may have a substituent group. The compound (xxv) according to the present invention can be produced 
from (xviii) and (xix) through steps 9-<1) to 9-(6) (intermediates {xx) to (xxiv)). The compound {xx) can be produced by 

40 dehydrating condensation of (xviii) and (xix) in the presence of a base {step 9-(1 )). The base used in the reaction varies 
depending on the starting material, the solvent used etc., and is not particularly limited so long as it is inert to the 
reaction. Preferably, Inorganic salts such as potassium hydroxide or sodium hydroxide may be proposed. The solvent 
used varies depending on the starting material, reagents etc., and Is not particularly limited insofar as It is inert to the 
reaction and dissolves the starting material to a certain degree. Preferably, a mixed solvent of an alcohol such as 

45 ethanol and water may be proposed. The 2-oxo-1 t 2-dihydro-3-pyridyicarbonitrile derivative <xxl) can be produced by 
reacting (xx) with 2-cyanoacetamide in the presence of a base (step 9-(2)). The reaction can be promoted in an oxygen 
atmosphere. The base used varies depending on the starting material, the solvent used etc., and is not particularly 
limited insofar as the reaction is not inhibited. Preferably, an alkali metal alkoxide such as sodium methoxide, sodium 
ethoxide or potassium tert-butoxide may be proposed. Otherwise, using alkali metal -carbonates such as potassium 

so carbonate or sodium carbonate can also bring about a preferable result. The solvent used varies depending on the 
starting material, reagents etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the 
starting material to a certain degree. Preferably, N,N-dimethylformamide, N-methylpyrrolidone, dimethyl sulfoxide, 
methanol, ethanol etc. may be proposed. The reaction temperature is preferably room temperature to 120°C, more 
preferably around room temperature. The compound (xxii) can be produced by alkylating an oxygen atom at the-2-po- 

55 srtion in (xxi) with 2-halogenoacetamide in the presence of a base (step 9-(3)). The 2-halogenoacetamide used varies 
depending on the starting material, the solvent used etc., and is not particularly limited so long as it is inert to the 
reaction. The reaction conducted by using 2-chloroacetamide is preferred, and conducted by further adding sodium 
iodide is more preferred. The base used varies depending on the starting material, the solvent used etc., and is not 
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particularly limited so long as it is inert to the reaction. Preferably, sodium hydride, sodium hydroxide, potassium hy- 
droxide, sodium bicarbonate, sodium carbonate and potassium carbonate may be proposed. The solvent used varies 
depending on the starting materia), reagents etc., and is not particularly limited insofar as it is inert to the reaction and 
dissolves the starting material to a certain degree. Preferably, ketones such as acetone or methyl ethyl ketone, alcohols 
such as methanol or ethanol, ethers such as tetrahydrofuran, dioxane, dimethoxyethane or diethytene glycol dimethyl 
ether, N,N-dimethylformamide, dimethyl sulfoxide, 1 -methyl pyrrolidlnone etc. may be proposed. The reaction temper- 
ature is usually 0 to 1 00°C. The compound (xxiii) can be produced by transaminating the 2-aminocarbonylmethyloxy- 
3-cyanopyridine derivative (xxii) in the presence of a base in a solvent (step 9-(4)). The base used varies depending 
on the starting material, the solvent used etc., and is not particularly Gmited so long as it is inert to the reaction. Pref- 
erably, for example, sodium hydride, sodium hydroxide, potassium hydroxide, sodium bicarbonate, sodium carbonate, 
potassium carbonate etc. may be proposed. The solvent used varies depending on the starting material, reagents etc., 
and is not particularly limited insofar as it is inert to the reaction and dissolves the starting material to a certain degree. 
Preferably, N.N-dimethytformamide, dimethyl sulfoxide, 1 -methyl pyrrolidinone etc. may be proposed, other than ke- 
tones such as acetone or methyl ethyl ketone, alcohols such as methanol, ethanol, propanol or butanol, ethers such 
as tetrahydrofuran, dioxane, dimethoxyethane or diethytene glycol dimethyl ether may be proposed. The reaction tem- 
perature is usually room temperature to 150°C. The compound (xxiv) can be produced by halogenating the S-positlon 
of the pyridine ring in the 2-arninonteotinonitrile derivative (xxiii) with a halogenating agent in a solvent (step 9^5)). 
The halogenating agent used varies depending on the starting material, the solvent used etc., and is not particularly 
limited so long as It is inert to the reaction. Preferably, N-bromosucclnlmide, bromine etc. may be proposed. Further, 
the solvent used varies depending on the starting material, reagents etc., and is not particularly limited insofar as It ft 
inert to the reaction and dissolves the starting material to a certain degree. Preferably, alcohols such as methanol or 
ethanol, ethers such as tetrahydrofuran, dioxane, dimethoxyethane or diethytene glycol dimethyl ether, N.N-dimethyl- 
formamide, 1 -methyl pyrrolidlnone etc. may be proposed. The reaction temperature is usually -20°C to room temper- 
ature. The compound (xxv) according to the present invention can be produced by reacting the 2-amino-5-halogenon- 
icotinonitrile derivative (xxiv) with the aryt tin reagent obtained in Production Process 5 in the presence of a palladium 
catalyst in a solvent, to introduce an aromatic group into the 5-position of the pyridine ring in (xxiv) {step 9-(6)). The 
palladium catalyst used varies depending on the starting material, the solvent used etc., and is not particularly limited 
so long as it is inert to the reaction. Preferably, dichlorobis(triphenytphoshine) palladium (II), palladium (II) acetate, 
tetrakis(triphenytphosphine) palladium (0), tris(dtbenzylidene acetone) dipalladium (0), dtchiorobis(acetonitrile) palla- 
dium (II) etc. may be proposed. Further, the solvent used varies depending on the starting material, reagents etc., and 
is not particularly limited insofar as it is inert to the re acton and dissolves the starting material to a certain degree. 
Preferably, alcohols such as methanol, ethanol, propanol or butanol, ethers such as tetrahydrofuran, dioxane, dimeth- 
oxyethane or diethytene glycol dimethyl ether, toluene, xylene, N.N-dimethytfoimamide, 1 -methyl pyrrolidinone etc. 
may be proposed The reaction temperature is usually room temperature to 1S0°C. 
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Production Process 10 
[0062] 



SMe 

(xivi) (six) (xxvii) 



SY O R** 
Step 10- (2)^ < J^A 4, Step 10- (3)^ T]j 



(ixviii) 



OR" 

(xzix) 



Step UM4) H a N^V M y R4 " Step 10- (S) "'VY"'' 

OR 2b OR 2 *. 



(xxx) (xxi i) 



H 2 N_M^R 4a _ H a N^N^R 4B 

Ncry^x 4 NC^ s V^R to 



Step 10- 16)^ 2 Y Y Step 10- (7>^ 2 .Y > 



OR 2 * 1 OR 2b 

(xxxii) (xxxii i) 

[0003] In the formula, R 3 * R 4 * and X 4 have the same meanings as defined above; R 2 * represents an optionally 
substituted alkyl group; and Y represents a lower alkyl group. The compound (xxxiii) according to the present invention 
can be produced from (xxvi) and (xix) through steps 10-(1) to 10-(7Hintermediates (xxvii) to (xxxii)). The compound 
40 (xxvii) can be produced by condensation of (xxvi) with (xix) (step 10-{1)). The base used varies depending on the 
starting material, the solvent used etc., and is not particularly limited so long as It is Inert to the reaction. Preferably, 
potassium tert-butoxide etc. may be proposed. The solvent used varies depending on the starting material, reagents 
etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the starting material to a certain 
degree. tert-Butanol is preferred. The reaction temperature is preferably room temperature to 120°C, more preferably 
45 around room temperature. The compound (xxxvlii) can be produced by alkylating (xxvii) with methyl halide in the pres- 
ence of a base (step 10-(2)). The base used in the reaction varies depending on the starting material, the solvent used 
etc., and is not particularly limited so long as it is inert to the reaction. Preferably, an inorganic base such as potassium 
carbonate etc. may be proposed. Preferable example of the methyl halide is methyl iodide. The solvent used varies 
depending on the starting material, reagents etc., and is not particu tarty limited insofar as it is inert to the reaction and 
so dissolves the starting material to a certain degree. Preferably, a ketone such as acetone or methyl ethyl ketone may 
be proposed. The reaction temperature is preferably room temperature to 120°C, more preferably around room tem- 
perature. The 2-oxo-l ,2<lihydro-3-pyridyl carbonitnle derivative (xxix) can be produced by reacting (xxviii) with 2-cy- 
anoacetamide in the presence of a base (step 10-(3)). The base used varies depending on the starting material, the 
solvent used etc., and is not particularly limited so long as it is inert to the reaction. Preferably, an alkali metal alkoxide 
such as sodium methoxide, sodium ethoxide, sodium isopropoxkte, potassium tert-butoxide etc. may be proposed. 
The solvent used varies depending on the starting material, reagents etc., and is not particularly limited insofar as it is 
inert to the reaction and dissolves the starting materia) to a certain degree. Preferably, N,N-dirnethyrfonTtamide, N- 
methylpyrrolidone, dimethyl sulfoxide, isopropanol etc. The reaction temperature is preferably 0?C to 1-20*C. Theconv 
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pound (xxx) can be produced by alkylating an oxygen atom at the 2-posffion of {xxix) with 2-halogenoacetamide in the 
presence of a base (step 1 0-(4)). As the 2-hatogenoacetamide used, 2-chloroacetamide is preferred, and the reaction 
in which sodium iodide is further added is more preferred. The base used varies depending on the starting material, 
the solvent used etc., and is not particularly limited so long as it is inert to the reaction. Preferably, sodium hydride, 

5 sodium hydroxide, potassium hydroxide, sodium bicarbonate, sodium carbonate and potassium carbonate may be 
proposed. The solvent used varies depending on the starting materia), reagents etc., and is not particularly Ifrnited so 
long as ft is inert to the reaction and dissolves the starting material to a certain degree. Preferably, ketones such as 
acetone or methyl ethyl ketone, alcohols such as methanol or ethanol, ethers such as tetrahydrof uran, dioxane, dimeth- 
oxyethane or diethylene glycol dimethyl ether, N,N«dimethylformamide, dimethyl sulfoxide, 1 -methyl pyrrol idinone, etc. 

10 may be proposed. The reaction temperature is usually 0 to 1 00°C. The compound (xxxi) can be produced by transam- 
inating the 2-aminocarbonylmethytoxy-3-cyanopyridine derivative (xxx) in the presence of a base in a solvent (step 
1 0-(5)). The base used varies depending on the starting material, the solvent used etc., and is not particularly limited 
so long as it is inert to the reaction. Preferably, sodium hydride, sodium hydroxide, potassium hydroxide, sodium bi- 
carbonate, sodium carbonate, potassium carbonate etc. may be proposed. The solvent used varies depending on the 

15 starting material, the solvent used etc., and is not particularly limited unless it is inert to the reaction. Preferably, ketones 
such as acetone or methyl ethyl ketone, alcohols such as methanol, ethanol, propanol or butanol, ethers such as 
tetrahydrof uran, dioxane, dimethoxyethane or diethylene glycol dimethyl ether, N.N-dimethylformamide, dimethyl sul- 
foxide, 1 -methyl pyrrolidinone, etc. may be proposed. The reaction temperature is usually room temperature to 150°C. 
The compound (xxli) can be produced by halogenating the 5-position of the pyridine ring in the 2-aminonicotinonftrile 

so derivative (xxxi) with a halogenating agent in a solvent (step 10-(6)). The halogenating agent used varies depending 
on the starting material, the solvent used etc., and Is not particularly limited so long as it is inert to the reaction. Pref- 
erably, N-bromosuccinimide, bromine etc. may be proposed. The solvent used varies depending on the starting ma- 
terial, reagents etc., and is not particularly limited insofar as It is inert to the reaction and dissolves the starting material 
to a certain degree. Preferably, alcohols such as methanol or ethanol etc., ethers such as tetrahydrof uran, dioxane, 

2s dimethoxyethane or diethylene glycol dimethyl ether etc., N.N-dimethylformamide, 1 -methyl pyrrolidinone etc. may be 
proposed. The reaction temperature is usually -20°C to room temperature. The compound (xxxiii) according to the 
present invention can be produced by allowing the aryl tin reagent obtained in Production Process 5 to act on the 
2-amino-5-halogenonicotinonrtrile derivative (xxxn) in the presence of a palladium catalyst in a solvent, to introduce an 
aromatic group into the 5-position of the pyridine ring in (xxxii) (step 10-(7)). As the palladium catalyst used is, for 

30 example, dichlorobis(triphenytphoshine) palladium (II), palladium (II) acetate, tetrakis(triphenylphosphine) palladium 
(0), tris(dibenzylidene acetone) dipalladium (0), dichtorobis(acetonitrile) palladium -(I I) etc. are preferred. The solvent 
used varies depending on the starting material, reagents etc., and is not particularly limited insofar as it is inert to the 
reaction and dissolves the starting material to a certain degree. Preferably, alcohols such as methanol or ethanol, 
ethers such as tetrahydrof uran, dioxane, dimethoxyethane or diethylene glycol dimethyl ether, toluene, xylene, N,N- 

35 dimethyiformamide, 1 -methyl pyrrolidinone etc. may be proposed. The reaction temperature is usually room temper- 
ature to 150°C. 

Production Process 11 

40 [0064] 

45 ^ ^ NC 
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o 

(xxxiv) (xxxv) 

♦ 

[0065] In the formula, R 2 * and R 4 * have the same meanings as defined above; R 10 represents a C 1-6 alky! group, a 
C 2 ^ alkenyl group, a alkynyl group etc.; the ring A 1 represents a pyridinyl group, a pyrimidy! group or a pyrazinyl 
group; and the ring A 2 represents a dihydrooxopyridinyl group, a dihydrooxopyrimidyl group, a dihydropyrazinyl group 
or a tetrahydropyrazinyl group. The compound (xxxv) having an a-hydroxy nitrogen-containing aromatic heterocyclic 
group at the 5-position of the pyridine ring can be produced by hydrolyzing the ot-alkoxy nitrogen-containing aromatic 
heterocyclic compound (xxxiv). The solvent used in this reaction varies depending on the starting material, reagents 
etc., and is not particularly limited insofar as it is inert to the reaction and dissolves the starting material to a certain 
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degree. Preferably, an aqueous solution of a mineral acid such as hydrochloric acid, hydrobromic acid or sulfuric acid, 
or a mixed solvent of the above-mentioned aqueous solution of the mineral acid and acetic acid may be proposed. 
The reaction temperature is usually room temperature to 100°C. 



Production Process 12 
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[0067] In the formula, R a , R 4 * the ring A 1 and the ring A 2 have the same meanings as defined above; and R 10 
represents a C 1-6 alky! group, a alkenyl group, a C2_$ alkynyl group, etc. The compound (xxxvi i) having an c- 
hydroxy nitrogen-containing aromatic heterocyclic group at the 5-posltion of the pyridine ring can be produced by 
hydrotyzing the a-alkoxy nitrogen-containing aromatic heterocyclic compound (xxxvi). The solvent used in this reaction 
varies depending on the starting material, reagents etc. , and is not particularly limited insofar as it is inert to the reaction 
and dissolves the starting material to a certain degree. Preferably, an aqueous solution of a mineral acid such as 
hydrochloric acid, hydrobromic acid or sulfuric acid, or a mixed solvent of the above-mentioned aqueous solution of 
the mineral add and acetic acid may be proposed. The reaction temperature is usually room temperature to 100*0. 

Production Process 13 
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[0069] In the formula, R & represents hydrogen atom, hydroxyl group, a C 1-6 alkoxy group which may have a sub- 
stituent group, a alkyt group which may have a substituent group, aC^ aromatic hydrocarbon cyclic group which 
may have a substituent group or a 8- to 1 4-membered aromatic heterocyclic group which may have a substituent group; 
R 3 * represents a C$.14 aromatic hydrocarbon cyclic group which may have a substituent group or a 5- to 1 4-membered 
aromatic heterocyclic group which may have a substituent group; and R 4 * and X 4 have the same meanings as defined 
above. The compound (xxviii) according to the present invention can be produced by reacting the £-amino-5-haloge- 
nonicotlnonitrile derivative (xxxix) with an aryl boron reagent or an aryl tin reagent In the presence of a palladium 
catalyst and a base in a solvent, to introduce an aromatic group into the 5-position of the pyridine ring in (xxxix). The 
palladium catalyst used varies depending on the starting material, the solvent used etc.. and is not particularly limited 
so long as it Is Inert to the reaction. Preferably, dtehlorobis(triphenylphoshine) palladium (II), palladium (II) acetate, 
tetrakts(triphenylphosphine) palladium (0), tris(dibenzylidene acetone) djpalladium^O), dichlorobis(acetonitrile) palla- 
dium (II) etc. may be proposed. The base used varies depending on the starting material, the solvent used, etc., and 
is not particularly limited so long as it is inert to the reaction. Preferably, an inorganic base such as potassium carbonate 
or calcium phosphate, or an organic amine such as ethyl diisopropyl amine may be proposed. The solvent used varies 
depending on the starting material, reagents etc., and is not particularly limited insofar as it is inert to the reaction and 
dissolves the starting material to a certain degree. Preferably, alcohols such as methanol or ethanol, ethers such as 
tetrahydrofuran, dioxane, dimethoxyethane, diethylene glycol or dimethyl ether, toluene, xylene, N,N-dimethy(forma- 
mide, 1 -methyl pyrrolidinone etc. may be proposed. The reaction temperature Is usually room temperature to 150*0. 



25 



EP 1 308 441 A1 



Production Process 14 
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R 2 * 



(xl) 
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[0071 ] In the formula, R 3 * 1 represents a Ce. u aromatic hydrocarbon cyclic group which may have a substituent group, 
a 5- to 1 4-membered aromatic heterocyclic group which may have a substituent group or a 5- to 14-membered non- 
aromatic heterocyclic group which may have a substituent group; and R 20 and R 4 * have the same meanings as defined 
above. The compound (xli) according to the present invention can be produced by hydro ryzing the cyano group of the 
compound (xf) in the presence of a base in a solvent. The base used varies depending on the starting material, the 
solvent used etc., and is not particularly limited so long as it is inert to the reaction. Preferably, an inorganic base such 
as sodium hydroxide or potassium hydroxide may be proposed. The solvent used varies depending on the starting 
material, reagents etc., and is not particularly limited insofar as it is Inert to the reacton and dissolves the starting 
material to a certain degree. Preferably, alcohols such as methanol or ethanol, or a mixture of such alcohols and water 
The reaction temperature Is usually room temperature to 150°C. 

Production Process 15 



[0073] in the formula, R 1b represents a carbamoyl group which may have a substituent group; and R 20 , R M and ft 4 * 
have the same meanings as defined above. The carbamoyl derivative (xlii) according to the present invention can be 
produced by dehydrating condensation of the carboxytic acid derivative <xli) with an amine in the presence of a con- 
densing agent in a solvent As the condensing agent used, 3-(3-dimethyIaminopr6py1)-1-ethylcarbodilmide etc. are 
preferred. The reaction is promoted by adding 1 -hydroxybenzotriazole etc. When the amine to be condensed with the 
carboxylic acid has formed a salt with hydrogen chloride etc., a suitable amount of tertiary amine such as triethylamine 
is added. As the solvent used, for example, ethers 6uch as tetrahydrofuran, dioxane, dimethoxyethane or diethylene 
glycol, N.N-dimethylformamide, 1 -methyl pyrrolidinone etc. are preferred. The reaction temperature Is usually 0 to 
50°C, and more preferably around room temperature. 
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[0075] In the formula, R 2 * represents hydrogen atom, a C 1a6 alkoxy group which may have a substituent group, a 
C t ^ alkyl group which may have a substituent group, a C6. u aromatic hydrocarbon cyclic group which may have a 
substituent group or a 5- to 14-membered aromatic heterocyclic group which may have a substituent group; the ring 
A 9 represents pyridinyl group, pyrimidyl group or pyrazinyl group; R 11 represents a C t ^ alkyl group which may have 
a substituent group, a alkenyl group which may have a substituent group or a alkynyt group which may have 
a substituent group; X 5 represents an eliminating group such as a halogen atom or a sulfonate group which may have 
a substituent group; and R 4 * and ring A 2 have the same meanings as defined above, respectively. The compounds 
(xliv) and (xlv) according to the present Invention can be produced by reacting the compound <x!Qi> with R 9 -X s in the 
presence of a base In a solvent The base used varies depending on the starting materia), the solvent used etc., and 
is not particularly limited so long as it is inert to the reaction. Preferably, inorganic bases represented by potassium 
carbonate, potassium bicarbonate and sodium carbonate may be proposed. The solvent generally used varies de- 
pending on the starting material, reagents etc., and is not particularly limited insofar as it it inert to the reacton and 
dissolves the starting material to a certain degree. 

[0076] Preferably, an amide such as N,N-dimewyIforrnamide may be proposed. The reaction temperature is prefer- 
ably room temperature to 100°C, and more preferably around 65°C. 

Production Process 17 



[0077] 



33 



40 




(xlvi) 




45 [0078] In the formula, R 12 represents aC^ aromatic hydrocarbon cyclic group which may have a substituent group 
or a 5- to 14-membered aromatic heterocyclic group which may have a substituent group; and R 2 *, R 4 * and ring A 2 
have the same meanings as defined above, respectively. The compound (xrvif) according to the present invention can 
be produced by reacting the compound (xlvi) with an aryl boron reagent in the presence of a base and a copper catalyst 
in a solvent. The base used in the reaction varies depending on the starting material, the solvent used etc., and is not 

so particularly limited insofar as it is inert to the reaction. Preferably, a tertiary amine such as pyridine, diisopropyl ethyl- 
amine, triethylamine etc. maybe proposed. The copper catalyst used varies depending on the starting material, the 
solvent used etc., and is not particularly limited insofar as it is inert to the reaction. Preferably, divalent copper such as 
copper acetate, copper bromide, copper sulfate etc. may be proposed, and copper acetate is more preferred. The 
solvent used varies depending on the starting material, reagents etc., and is not particularly limited insofar as it is inert 

55 to the reaction and dissolves the starting material to a certain degree. Preferably, N,N-dimethytformamide, tetrahydro- 
furan, ethyl acetate etc. may be proposed. The reaction temperature is preferably around room temperature. 
[0079] The foregoing is a typical example of the method of producing the compound (I) according to the present 
invention, and the starting compound in production of the compound of the present invention may form a -salt or a 
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hydrate and is not particularly limlted^o long as it Is inert to the reaction. Further, when the compound <l) according to 
the present invention is obtained in a free form, it can be converted into a salt which may be formed by the above* 
mentioned compound (I), in a usual manner. Further, the various resulting isomers (for example, geometric isomer, 
optical isomer based on asymmetric carbon, rotational isomer, stereoisomer and tautomer) of the compound (I) ac- 
5 cording to the present invention can be purified and isolated by using usual separating means, for example, re-crys- 
tallization, diastereomer salt method, enzyme fractionation method, and various kinds of chromatography (for example, 
thin layer chromatography, column chromatography and gas chromatography). 

[0080] The compound represented by the above formula (I) according to the present invention, a salt thereof or a 
hydrate of them can be formed into a pharmaceutical preparation by a conventional method. As the preferable prep- 

10 aration forms, tablets, powders, fine granules, granules, coated tablets, capsules, syrups, troches, inhalations, sup- 
positories, injections, ointments, eye ointments, eye drops, nose drops, ear drops, poultices, lotions etc. may be pro- 
posed. In pharmaceutical manufacturing, ordinarily used fillers, binders, disintegrating agents, lubricants, coloring 
agents, flavoring agents, and as necessary stabilizers, emulsifiers, absorption promoters, surfactants, pH adjusters, 
preservatives and antioxidants may be used, and it may be prepared in a conventional method by blending ingredients 

*5 generally used as starting materials for pharmaceutical preparations. As these ingredients, for example, (1) animal 
and vegetable oils such as soybean oil, tallow or synthetic glyceride; (2) hydrocarbons such as liquid paraffin, squalane 
or solid paraffin; (3) ester oils such as octyldodecyl myristate or isopropyl myristate; <4) higher alcohols such as^ceto- 
stearyl alcohol or behenyl alcohol; (5) silicon resin; (6) silicon oil; (7) surfactants such as polyoxyethylene fatty ester, 
sorbitan fatty ester, glycerin fatty ester, polyoxyethylene sorbitan fatty ester, polyoxyethylene hydrogenated castor oil 

so or potyoxyethylene-polyoxypropytene block copolymer; (8) water-soluble polymers such as hydroethyl cellulose, poly- 
acrylic acid, carboxyvinyl polymer, polyethylene glycol, polyvinylpyrrolidone or methyl cellulose; -(9) lower alcohols such 
as ethanol or isopropanol; (10) potyhydric alcohols such as glycerin, propylene glycol, dipropytene glycol or sorbitol; 
(11) sugars such as glucose or sucrose; (12) inorganic powder such as silicic anhydride, aluminum magnesium silicate 
or aluminum silicate; and (13) pure water may be proposed. 1) As the fillers, for example, lactose, com starch, white 

25 sugar, glucose, mannitol, sorbitol, crystalline cellulose, silicon dioxide etc.; 2) as the binders, for example, polyvinyl 
alcohol, polyvinyl ether, methyl cellulose, ethyl cellulose, arable gum, tragacanth, gelatin, shellac, hydroxypropyl cel- 
lulose, hydroxypropyl methyl cellulose, polyvinylpyrrolidone, polypropylene glycol-polyoxyethyfene block polymer, 
megulumin, calcium citrate, dextrin, pectin etc.; 3) as the disintegrating agents, for example, starch, agar, gelatin pow- 
der, crystalline cellulose, calcium carbonate, sodium bicarbonate, calcium citrate, dextrin, pectin, ca rboxym ethyl cel- 

30 luiose calcium etc.; 4) as the lubricants, for example, magnesium stearate, talc, polyethylene glycol, silica, hardened 
vegetable oil etc.; 5) as the coloring agents, any of which are approved to be added to pharmaceutical preparations; 
6) as the flavoring agents, cocoa powder, menthol, aromatic powder, peppermint oil, bomeol, cinnamon powder etc.; 
and 7) as the antioxidants, those which are approved to be added to pharmaceutical preparations, such as ascorbic 
add, a-tocopherol etc., may be used, respectively. 

35 [0081] 1) The oral preparation is produced by mixing the compound according to the present invention or a salt 
thereof with fillers and if necessary with a binder, a disintegrating agent, a lubricant, a coloring agent, a flavoring agent 
etc., and then forming it in a usual manner into powders, fine granules, granules, tablets, coated tablets, -capsules, etc. 

2) Trie tablets and granules may be coated with a sugar or gelatin coating or if necessary with another suitable coating. 

3) The liquid preparations such as syrups, injections and eye drops are prepared by mixing the active agent with a pH 
40 adjuster, a solubilizer and an isotonizing agent etc., and with a solubilizing aid, a stabilizer, a buffer, a suspension 

agent, an antioxidant etc. If necessary, followed by forming it into a preparation in a usual manner. The liquid preparation 
may be formed into a freeze-dried product and the injection can be administered intravenously, subcutaneously or 
Intramuscularly. Preferable examples of the suspension agent include methyl cellulose, Polysorbate 80, hydroxyethyl 
cellulose, arable gum, tragacanth powder, sodium carboxymethyl ceDulose, polyoxyethylene sorbitan monolaurate etc.; 

45 preferable examples of the solubilizing aid include polyoxyethylene hardened castor oil, Polysorbate 80, nicotinamide, 
polyoxyethylene sorbitan monolaurate etc.; preferable examples of the stabilizer include sodium sulfite, sodium 
metasulfite, ether etc.; preferable examples of the preservative include methyl p-oxybenzoate, ethyl p-oxybenzoate, 
sorbic acid, phenol, cresol, chlorocresol etc. 4) The agent for external application can be produced in any conventional 
method. That is, the starting base material can make use of various starting materials ordinarily used in pharmaceutical 

so preparations, quasi-drug, cosmetics, etc. For example, the material includes animal and vegetable oils, mineral oil, 
ester oil, waxes, higher alcohols, fatty acids, silicon oil, surfactants, phospholipids, alcohols, polyvalent alcohols, water- 
soluble polymers, clay minerals, pure water etc. If necessary, a pH adjuster, an antioxidant, a chelating agent, a pre- 
servative, a coloring agent, a perfume etc. can further be added. Further, ingredients having a differentiation-inducing 
action, a blood-stream promoting agent, a sterilizer, an antiinflammatory agent, a cell activator, vitamins, amino acids, 

55 a humectant, a keratin solubilizer etc. can also be incorporated as necessity. 

[0082] Although the dose of the medicament according to the present invention varies depending on severeness of 
symptoms, age, sex, body weight, administration form, type of salt, chemical sensitivity, type of disease etc., it is given 
daily in one portion or in divided portions to an adult in a dose of usually about 30 ng to 10 g> preferably 100 jig to "5 
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g, more preferably 1 00 |tg to 100 mg for oral administration, or about 30 (ig to 1 g, preferably 100 jig to 500 mg, more 
preferably 1 00 jig to 30 mg for injection. 

[0083] According to the present invention, a novel 2-aminopyridine compound could be provided. The compounds 
according to the present invention or a salt thereof have an excellent antagonistic action on an adenosine receptor 

5 (adenosine A 1 , A^, A^ or A3 receptor), and are excellent as an antagonist for an adenosine receptor, particularly 
for an adenosine A^ receptor. The compounds according to the present invention or a salt thereof are useful as an 
agent for treating or preventing a disease to which an adenosine receptor (adenosine A 1( A^, A^ or A3 receptor) 
relates, and a disease against which an antagonist for the receptor is efficacious. The compound according to the 
present invention or a salt thereof is useful not only as an agent for treating, preventing or improving constipation, 

10 irritable bowel syndrome, constipation accompanying irritable bowel syndrome, organic constipation, constipation ac- 
companying enteroparalytic ileus, constipation accompanying congenital digestive tract dysfunction, constipation ac- 
companying ileus, diabetes, diabetic complications, diabetic retinopathy, obesity, asthma etc., but also useful as a 
hypoglycemic agent, an improving agent for impaired glucose tolerance, a potentiating agent for insulin sensitivity, 
hypotensive agent, a diuretic, a therapeutic agent for osteoporosis, an anti-Parkinson's disease agent, an anti-Alzhe- 

15 inter's disease agent, a therapeutic agent for inflammatory intestinal diseases, a therapeutic agent forCrohn's disease, 
etc. 

Examples 

so [0084] Reference Examples, Examples and Test Examples shown below are described merely for illustrative pur- 
poses, and the compounds of the invention are not limited to the following specific examples in any case. The present 
invention can be carried out to the maximum by those skilled in the art by making various modifications not only to the 
following examples but also to the claims in the present specification, and such modifications fall under the daims of 
the present application. 

25 

Reference Example 1 
1 -(2-Furyl)-2-(4-pyridyf)-1 -ethanone 
30 [0085] 



O 

35 



40 

[0086] In a nitrogen atmosphere, lithium bis(trimethylsllyl)amide<100 mL, 100 mmol) was added dropwise into a 
solution of 4-picoline (4.6 g, 48.4 mmol) and ethyl 2-furancarboxylate<7.7 g."S4.9 mmol) in tetrahydrofuran <40 mL) at 
0°C over 1 hour, followed by stirring as it was for 2 hours. Hexane (140 mL) was added to the reaction solution, and 
the resulting crystals were collected by filtration. The resulting crystals were dissolved in ethyl acetate and an aqueous 
45 saturated solution of ammonium chloride. The organic layer was washed with an aqueous saturated solution of am- 
monium chloride (x2) and brine, dried over anhydrous sodium sulfate, and concentrated. Hexane was added to the 
residue, and the resulting precipitates were collected by filtration and washed with hexane, to give the title ^compound 
(6.5 g, 70%) as a pale yellow solid. 

1 H NMR (400 MHz, OMSO-efe) £ ppm; 4. 26 (2H, s), 6. 77 (1H, dd, J= 2. 0, 3.^ Hz), 7. 31 <2H, dd, J= 1 . 6, 4. 4 Hz), 
so 7. 65 (1H, dd, J= 0. B, 3. 6 Hz), 8. 05 (1H, dd, J = 0. 8, 2. 0 Hz), 8.*51 (2H, dd, J= 4. 4 Hz). 



55 
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Reference Example 2 

3-(Dimethytamino)-1 K2-furyT>2-(4-pyridyl)-2-propen-1 -one 
5 [0087] 



O 



10 




13 [0088] N.N-Diirathylforrnamide dimethylacetal (5 mL) was added to 1 -(2-f uryf)-2-(4-py ridyl)- 1 -ethanone <2.0 g, 1 0.7 
mmol), followed by stirring at 100°C for 2 hours. After cooling as It was, the reaction solution was diluted with ethyl 
acetate and an aqueous saturated solution of ammonium chloride. The aqueous layer was extracted with ethyl acetate 
(x6). The combined organic layer was dried over anhydrous sodium sulfate and concentrated, to give the title com- 
pound (2.5 g, 97%) as a reddish brown oil. 

so ih NMR (400 MHz, DMSO-<%) 6 ppm; 2. 80 (6H, br s), 6. 53 (1H, br), 6. 60 (1H, br), 7. 10 <2H, d, J =4.0 Hz), 7. 65 
(1H, br), 7. 75 (1H, s), 8. 44 (2H, d, J = 4.0 Hz). 

Reference Example 3 

23 6-(2-Fury1)-2-oxo~5~(4-pyridy1)-1 ,2<lihydro-3-pyridinecarbonitrile 

[0089] 




[0090] Sodium methoxide (1 .20 g, 22.2 mmol) was added to a solution of 3-(dimethy lamino)- 1 -{2-fu ryl)-2-.(4-py ridyl)- 
2«propen-1-one (2.27 g, 9.37 mmol) and 2-cyanoecetamide (950 mg, 11.3 mmol) in N.N-dimethylformamide, followed 
40 by stirring at 80°C for 2 hours in a nitrogen atmosphere. After cooling as it was, the reaction solution was concentrated 
and diluted with water. After neutralized with 6 N hydrochloric acid, the resulting solid was collected by filtration and 
washed with water, to give the title compound (1 .78 g, 72%) as a pale brown solid. 

1 H NMR (400 MHz, DMSO-cfe) 8 ppm; 6. 64 (1H, dd, J= 1. 6, 4. 0Hz), 6. 92<1H, d, J= 4. 0 Hz), 7. 24<2H, dd, J« 1. 
6, 4.4 Hz), 7. 75 (1H, dd, J= 0. 8, 1. 6 Hz), 8. 21 (1H, s), 8. 57 (2H, dd, */= 1. 6, 4.4 Hz). 

45 

Reference Example 4 

2^hloro^-(2-fury1)-5-(4^ridyi)-3-pyridinecart)onitrile 
50 [0091] 
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[0092] A suspension of 6-<2-furyl)^-oxo«S-<4-pyridyl)-1 ia-dihydro-S-pyridinecajtonitrile fai .0 g, 79.8 mmol) in phos- 
phorus oxychloride (90 g) was stirred in a nitrogen atmosphere at 110°C. After 4 hours, additional phosphorus oxy- 
chloride (50 g) was added thereto, followed by heating under stirring for further 5 hours. After cooling as it was, the 
reaction solution was concentrated. After ice was added to the residue, it was neutralized with saturated sodium bi- 
5 carbonate. After extracting with ethyl acetate (2 l)-tetrahydrof uran <1 1), the organic layer was washed with brine, dried 
over anhydrous magnesium sulfate and concentrated. After adding diethyl ether to the residue, the resulting solid was 
collected by filtration and washed with diethyl ether, to give the title compound (13.6 g, 61%) as a dark yellow solid. 
1 H NMR (400 MHz, DMSO-oy 6 ppm; 6. 62 (1H, dd, J= 1. 6, 3. 6 Hz), 6. 78 (1H, dd, J= 0. 8, 3. 6 Hz), 7. 42<2H. dd, 
J = 1. 6, 4.4 Hz), 7. 76 (1H, dd, J= 0. 8. 1. 6 Hz), 8. 48 (1H, s), 8. 69<2H, dd, J= 1. 6, 4.4 Hz). 

10 

Reference Example 5 

3-(Dimethylamrno)-1 -(2-fury1)-2-propen-1 -one 
15 [00931 



20 




[0094] A mixture of 2-acetytfuran (25.0 g, 0.227 mmol) and N.N-dimethylformamide dimethylaceta)<40 ml) was stirred 
at 1 00°C for 9 hours. After cooling as it was, the reaction solution was concentrated. Diethyl ether and hexane were 
25 added to the residue, and the resulting solid was collected by filtration and washed with hexane, to give the title com- 
pound (36.5 g t 97%) as a brown solid. 

1H NMR (400 MHz, DMSO-c%) $ ppm; 2. 88 (3H, brs), 3. 14 (3H, br s), 5. 65<1H, d, J= 12. 6+lz), 6. 60(1 H, dd, •/= 
2. 0, 3. 4 Hz), 7. 10 (1H, dd, J= 0. 8, 3. 4 Hz), 7. 68 (1H, d, J= 12. 6 Hz), 7. 79<1H, dd, J= 0. 8,-2. 0 Hz). 

30 Reference Example 6 

6-(2-Furyl)-2-oxo-1 ,2-dihydro-3-pyridinecarbonitrile 

[0095] 

35 



40 




[0096] A suspension of 3-(dimethy(amino)-1~(2-furyl)-2-propen-1 -one (15.0 g, 90.9 mmol),£-cyanoacetamlde (6.5 
g, 101 mmol) and potassium carbonate (38.0 g, 275 mmol) In dimethyl sulfoxide (80 ml) was stirred at 120 to 140°C 
45 for 21 hours. After cooling as it was, the reaction mixture was diluted with water. After adjusting to pH 3 with cone, 
hydrochloric acid, the resulting solid was collected by filtration and washed with water, to give the title compound(1 3.0 
g, 77%) as a brown solid. 

1 H NMR (400 MHz, DMSO-oy 6 ppm; 6. 75 (1H, d, J= 8. 0 Hz),^: 78(1H, dd, J= 1. 6, 3. 6 Hz), 7. 61 {1H, d, J= 3. 6 
Hz), 8. 02 (1H, d, J= 1. 6 Hz), 8. 15 (1H, d. J= 8. 0 Hz). 

50 
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Reference Example 7 

24P-Cyano-6-(2-furyO-2«pyridyl]oxyJacetamWe 
[0097] 




[0098] A suspension of 6-(24uryf)-2-oxo-1 ( 2-dihydro^3-pyridinecart)onitri!e (6.0 g, 32.3 mmoQ,£-ch!oroacetamide 
(3.0 g, 37.7 mmol), sodium iodide (5.7 g, 38.0 mmol) and potassium carbonate (9.0 g, 56.2 mmol) in acetone (1 00 ml) 
was stirred at 60°C for 6 hours. After cooling as it was, the reaction solution was diluted with ethyl acetate and water. 
The organic layer was washed with an aqueous saturated solution of sodium bicarbonate (x2) and an aqueous satu- 
rated solution of ammonium chloride, dried over anhydrous sodium sulfate, and concentrated. Diethyl ether was added 
to the residue, and the resulting precipitates were collected by filtration and washed with diethyl ether, to give the title 
compound (4.2 g, 54%) as a brown solid. 

*H NMR (400 MHz, DMSO-flfe) 5ppm; 4. 87 (2H, s), 6. 75 (1H. dd, J= 2. 0, 3. 4 H2), 7. 26 {1H, br), 7. 26 (1H, dd, J= 
0. 8, 3. 4 Hz), 7. 45 <1H. d. J = 8. 0 Hz), 7. 61 (1H, br), 7. 96 (1H, dd. J= 0. 8, 2. 0 Hz), 8. 29 (1H, d, J= 8. 0 Hz). 

Reference Example 8 

2-Amino-6-(2-furyQnicotinonrtrile 

[0099] 




[0100] A suspension of 2^[3<yano-6-(2-furyr)-2-pyridyl]oxy]acetamide (6.0 g, 32.9 mmol) and potassium-carbonate 
(9.1 g, 65.9 mmol) in N.N-dimethytformamide (80 ml) was stirred at 120°C for 1.5 hours. After cooling as it was, the 
reaction solution was diluted with water and ethyl acetate, and the insoluble matters were filtered off. The aqueous 
layer in the filtrate was extracted with ethyl acetate. The combined organic layer was washed with an aqueous saturated 
solution of ammonium chloride (x2), dried over anhydrous sodium sulfate, and concentrated. The residue was sus- 
pended in methanol, and the resulting solid was collected by filtration and washed with methanol, to give the title 
compound (3.81 g, 63%) as a brown solid. 

1 H NMR (400 MHz, DMSO-<%) 6 ppm; 6. 68 (1 H, dd, J - 1 . 6, 3. 6 Hz), 6. 96 t2H, br s), 7. 02 (1H, d, J= 8. 2 Hz). 7. 
13 (1H, dd, J= 0. 8, 3. 6 Hz), 7. 89 (1H, dd, J= 0. 8, 1. 6 Hz), 7. 91 (1H, d, J= 8. 2 Hz). 

Reference Example 9 
2-Amino-5-bromo-6-(2-furyi)nicotinonitrile 



[0101] 
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[0102] N-Bromosuccinimide (3.5 g, 19.7 mmol) was added to a solution-(60 ml) of 2-amino-6- {2-furyl)nicotinonitrile 
(4.0 g, 21 .6 mmol) in N.N-dtmethytformamide in a nitrogen atmosphere at 1 to 2°C, followed by stirring as it was. After 
30 minutes, the reaction solution was diluted with ethyl acetate and an aqueous saturated solution of potassium car- 
bonate. The organic layer was washed with an aqueous saturated solution of potassium carbonate and an aqueous 
5 saturated solution of ammonium chloride, then dried over anhydrous sodium sulfate and concentrated. Methanol was 
added to the residue, and the resulting sotid was collected by filtration and washed with methanol, to give the titte 
compound (3.02 g, 53%) as a brown solid. 

*H NMR (490 MHz, DMSO-oy 6 ppm; 6. 72 (1H, dd, J=1. 8, 3. 6 Hz), 7.19-(2H, br s), 7.44<1H, dd, J=0. 8, 3. 6flz), 
7. 96 (1H, dd, J=0. 8, 1. BHz), 8. 26 (1H, s). 

10 

Reference Example 1 0 
5-Bromo-2-methoxypyridine 
15 [0103] 



20 




[0104] After sodium (10 g, 0.435 mol) was dissolved in methanol (500 ml), 2,5~dibromopyridine*(50 g, 0211 mol) 
was added thereto and the mixture was heated for 2 days under reflux. The reaction solution was cooled as it was, 
25 and then concentrated. Then, the residue was diluted with ethyl acetate and an aqueous saturated solution of ammo- 
nium chloride. The organic layer was washed with an aqueous saturated solution of ammonium chloride and brine, 
and then dried over anhydrous sodium sulfate and concentrated, to give the title compound (33 g, 83%) as a pale 
brown oil. 

1H NMR (400 MHz, DMSO-tfe) 6 ppm; 3. 84 (3H, s), 6. 72(1 H, dd, J = 0. 8, 8. Hz), 7. 89 (1H, dd, J= 2. 4, 8. 8 Hz), 8. 
30 29 (1 H, dd, J = 0. 8, 2.4 Hz). 

Reference Example 11 

2-Methoxy-5-(1 ,1 .l-tributylstannyOpyridine 

35 

[0105] 



40 



45 




[0106] 2.5 M n-butyl lithium solution in hexane (12.0 ml, 30.0 mmol) was added dropwtse to a solution of *5-bromo- 
2-methoxypyridine (5.0 g, 26.6 mmol) in tetrahydrofuran (100 ml) over 30 minutes at -70°C in a nitrogen atmosphere. 

50 Then, a solution of tributyltin chloride (10.4 ml, 32.0 mmol) in tetrahydrofuran (20 ml) was added dropwise thereinto 
over 1 hour. Then, the reaction solution was heated to room temperature and stirred as it was. After 30 minutes, the 
reaction solution was diluted with an aqueous saturated solution of ammonium chloride and ethyl acetate. The organic 
layer was washed with an aqueous saturated solution of ammonium chloride and brine, dried over anhydrous sodium 
sulfate and concentrated. The residue was subjected to silica gel column chromatography (elution solvent; hexane, 

55 hexane:ethyl acetate=40:1 ), to give the title compound (7.9 g, 75%) as a colorless oil. 

1 H NMR (400 MHz, DMSO-oy 6 ppm; 0. 82-0. 90 (9H t m), 1 . 02-1 . 08 <6H, m), 1 . 22-1 . 35 .(6H, m), 1 . 46-1 . S4<6H, 
m). 3. 82 (3H, s), 6. 80 (1H, dd, J= 0. 8, 8. 0 Hz), 7.-69 (1H, dd, J= 1. 6, 8. 0 Hz), 8. 10 (1«, dd, J = 0. 8, 1. 6 Hz). 
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Reference Example 12 

(E)-1 ,3-Oi(34luorophenyl)-2-propen-1-one 

[0107] 



O 




[0108] A mixture of 3-fluorobenzaldehyde (7.63 mL, 72.4 mmol). 3-fluoroacetophenone<10 g, 72.4 mmol), potassium 
hydroxide (5.1 8g, 92.6 mmol) , ethanol (23 mL) and water (47 mL) was stirred overnight at room temperature. After 
the reaction solution was diluted with water, the solid was collected by filtration and washed with ethanol and diethyl 
ether, to give the title compound (1 6.4 g, 93%). 

1 H NMR (400 MHz, DMSO-<fe) 8 ppm; 7. 10-7. 16 (1 H. m), 7. 27-7. 37 (2H, m), 7. 39-7. 42 (2H, m), 7. 46 (1H, d, J = 
15 H2), 7. 50 (1H, dd, J= 5. 4, 7. 7 Hz), 7. 68-7. 73 (1H, m), 7. 77 (1H, d, J= 1S Hz), 7. 78-7. 82 (1H, m). 

Reference Example 13 

« 

4,6-Di(3-fluorophenyl)-2-oxo-1 ^-<Jihydro-3-pyridinecarbonltrile 
[0109] 




[01 10] (E)-1 ,3-Di(3-fluorophenyl)-2-propen-1 -one (16.4 g, 67.2 mmol), 2-cyanoacetamide {6.21 g, 73.9 mmof), and 
a solution of potassium t-butoxide (30.2 g, 269 mmol) in dimethyl sulfoxide (131 mL) were stirred overnight at room 
temperature in an oxygen atmosphere. Water (300 mL) and 6 N hydrochloric acid {390 mL) were added to the reaction 
solution. The solid was collected by filtration and washed with water, to give the title compound (17.4 g, 84%). 
1H NMR (400 MHz, DMSO-cfe) 6 ppm; 6. 81 <1H, s), 7. 28-7. 36 (1H, m), 7. 50-7. 58 (1H, m), 7. 68-7. 88 (2H, m). 

Reference Example 14 

Isopropyl 3-(2-furyl)-3-oxopropanethioate 

[01111 



O S | 

[0112] A mixture of isopropyl (methylsutfanyl)methanethfoate (7.0 g, 46.7 mmol), 2-acetyl furan {5.14 g, 46.7 mmol), 
potassium t-butoxide (10.5 g, 93.5 mmol) and t-butanol 435 mL) was stirred overnight at room temperature. Ice was 
added to the reaction solution, followed by acidifying with 5 N hydrochloric acid. The solid was collected by -filtration 
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and washed with water, to give the title compound (3.7 g, 37%). 

*H NMR (400 MHZ. DMSO-tfe) 6 ppm; 1. 38 (6H, d, J= 8. 8 Hz), 5. 58-5. 69<1H, m), 6.27 (1H, s), 6.53 (1H, dd, J= 
2.0, 3. 3 Hz), 7.05 (1H, dd, J= 0. 4, 3.3 Hz), 7.S2 (1H, dd, J= 0. 4, 2. 0 Hz). 

5 Reference Example 15 

(Z)-1 -(2-Fury1)-3-isopropoxy-3-(methytsulfany1)-2-propen*1 -one 

[0113] 



15 




[0114] A mixture of tsopropyl 3-(2-furyi)-3-oxopropanethioate.(3.7g, 17.5 mmol), potassium carbonate (7.3 g,S2.4 
mmol) and acetone (15 mL) was heated under reflux for 1 hour. After cooling the mixture to 0°C, methyl iodide (2.17 
40 mL, 34.9 mmol) was added thereto, followed by stirring at room temperature for 2 hours. After diluting the reaction 
solution with ethyl acetate, the insoluble matters were filtered off. The filtrate was concentrated, and then the residue 
was purified by silica gel column chromatography (elution solvent; ethyl acetate/hexane=1 :1 ), to give the title compound 
(3.2 g, 81%). 

*H NMR (400 MHz, DMSO-oy 5 ppm; 1 . 42 (6H, d, J= 6. 0 Hz), 2. 28 (3H, s), 4. 72-4. 82 (1H, m), 6. 35 (1H, s), 6. 49 
25 (1H, dd, J= 1. 5, 3. 6 Hz), 7. 10 (1H, dd, J= 1. 0, 3. 6 Hz), 7. 47 (1H, dd, J = 1.0, 1. 5 Hz). 

Reference Example 16 

6-{2-Furyl)-4-isopropoxy-2-oxo-1 ,2-dihydro-3-pyrtdinecarbonitrfle 

30 

[0115] 
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[0116] Sodium (309 mg, 13.4 mmol) was dissolved in isopropanol (46 mL). Then, (Z)-1 -(2-f ury1)-3-isopropoxy- 
3-(methylsulfanyl)-2~propen-1 -one (3.03 g, 13.4 mmol) and 2-cyanoacetamWe (1 .13 g, 33.4 mmol) were added thereto, 
followed by stirring overnight at room temperature. Ice-water was added to the reaction solution, and then the solid 
45 was collected by filtration, and washed with water and diethyl ether, to give the title compound (2.3 g, 70%). 

1 H NMR (400 MHz, DMSO-flfe) 6 ppm; 1. 35 (6H, d, J= 6. 0 Hz), 4. 98-5. 08 (1H, m), «. 60-6. €6 (1H, m), 6. 77-6. 81 
(1H, m), 7. 60-7. 67 (1H, m), 8. 00-8. 05 (1H, m). 

Example 1 

50 

2-Amino-6-(2-fury1)^-(4-pyridyO-3-pyridinecart)onitrile 

[0117] A solution of ammonia in ethanol, 30 ml, (ethanol saturated at 0°C with an ammonia gas) was added to 
2-chloro-6-(2-furyl)-5-(4-pyridy0-3-pyridinecarbonitrile (200 mg, 0.710 mmol) . Then, it was seated in a stainless steel 
55 autoclave, and heated under stirring at 1 00°C. After 24 hours, the reaction solution was cooled as it was and concen- 
trated. The residue was subjected to silica gel column chromatography (elution solvent; hexane, hexane:ethyl ace- 
tate=2:1 ,1:1,1 :2), and then suspended in diethyl ether. The resulting precipitates were collected by filtration and 
washed with diethyl ether, to give the title compound (50 mg, 27%) as a pale orange solid. 
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iH NMR (400 MHz, DMSO-cfe) 8 ppm; 6. 54{1H, dd, J= 1 . 6, 3. 6 Hz), 6. 57(1 H, dd, J= 0. 8, 3. 6 Hz), 7. 2042H, br s), 

7. 24 (2H, dd, J= 1. 6, 4. 4 Hz), 7. 64 (1H, dd, J= 0. 8. 1 . 6 Hz), 7. 92 <1H, s), 8.*5 (2H, dd, J= 1 . 6, 4. 4 Hz) ; 
MS mfe (ESI) 263 (MH*). 

5 Example 2 

2-Amlno^(fluorophenyf)-5^4-pyridyl)-3-pyridinecaibonirt 

[01 18] The title compound was synthesized in the same manner as in Examples 1 8 to 20 described below or *>y its 
10 analogous method. 

1H NMR (400 MHz. DMSO-cfe) 8ppm; 6. 99-7. 03(1H ( m), 7. 09-7. 14 (3H, m), 7. 16-7. 22(1H, m), 7. 28-7. 35 (3H, m), 

8. 09 (1H, s), 8. 43 (2H, dd, . 6, 4. 4Hz) ; 
MS mfe (ESI) 291 (MH*). 

13 Example 3 

2-Amino*(24ury0^^4-methoxy^^yridyl)^-pyrtdineca*onitiile 

[0119J A solution of 2-amino-5-bromo-€-(2-furyT)nicotlnonltrile (1.80 g, 6.82 mmol), 2-methoxy-5-( 1,1,1 -tributylstan- 
20 nyl)pyridine (520 g, 13.1 mmol) and dichlorobls(trfphenylphosphine) palladium (II) (480 mg, 0.634 mmol) in N,N- 
dimethylformamide (1 8 ml) was stirred at 80°C for 2 hours in a nitrogen atmosphere. After cooling as it was, the reaction 
solution was diluted wfth ethyl acetate and an aqueous saturated solution of ammonium chloride. The organic layer 
was washed with an aqueous saturated solution of ammonium chloride (x2), then dried over anhydrous sodium sulfate 
and concentrated. The residue was subjected to silica gel column chromatography (elution solvent; hexane, hexane: 
23 ethyl acetate=8:1 , 4:1 ), and then suspended in diethyl ether. The resulting solid was collected by filtration and washed 
with diethyl ether, to give the title compound (1 .12 g, 56%) as a yellow solid. 

1 H NMR (400 MHz, DMSO-<%) 6 ppm; 3. 88 (3H, s), 6. 38 (1H, dd, J= 0. 8, 3. 6 Hz), 6. 51 (IH dd, J = 1.6, 3. 6 Hz). 

6. 83 (1 H. d, J = 4. 6 Hz), 7. 08 (2H, br s), 7. 54 (1 H, dd, J -2. 4, 4. 6 Hz), 7. 67 (1 H, dd, J= O.B, 1.6 Hz), 7. 64 (1 H , 
S), 8.04(1H, d, J =2.4 Hz). 

30 

Example 4 

2-Amino-6-(2-furyf)-5-(6-oxo-1 ,6-dihydro-3-pyridinyl)nicotinonitrfle 

33 [0120] A solution of 2-amino-6^2-fury1)^(4^ethoxy>3-pyridyl)-3-pyridinecart)onitrile (1.0 g, 3.42 mmol) in acetic 
acid (6 ml) -cone, hydrobromtc acid (10 ml) was stirred at 100°C for 1.5 hours. After cooling as it was, the reaction 
solution was adjusted to pH 12 to 13 with 5 N sodium hydroxide and washed with ethyl acetate. The organic layer was 
extracted with 1 N sodium hydroxide (X2), and then the combined aqueous layer was neutralized with 5 N hydrochloric 
acid. The resulting solid was collected by filtration, to give the title compound (760 mg) as yellow crude crystals. After 

40 suspending the product in methanol, 4 N HCIfethyl acetate was added thereto to dissolved and it subjected to silica 
gel column chromatography (elution solvent; dichloromethane, dichloromethane:methanoMO:1, 20:1, 10:1). The re- 
sulting crude objective compound was suspended in water, and then neutralized with 5 N sodium hydroxide. The solid 
was collected by filtration and washed with water, to give the title compound (486 mg, 51%) as a yellow solid. 
1 H NMR (400 MHz, DMSO-cfe) 6 ppm; 6. 30 (1 H, d, J= 9. 6 Hz), 6.^57 (1H, dd, J= 1. B, 3, 4 Hz), 6. 59 (1H, dd, J= 0. 

43 6, 3. 4 Hz), 7. 02 (2H, br s), 7. 20 (1H, dd, J= 2. 8. 9. 6 Hz), 7. 33<1H, d, J = 2. 8 Hz), 7. 75<1H, dd, J= 0. 6, 1 . 8 Hz), 

7. 82 (1H, s) ; 

MS mfe (ESI) 279 (MH*). 

Example 5 

so 

2-Amino-5-(1 -ethyt-6-oxo-1 ,6-dihydro^i3yridirryr)^2-furyl)nicotinonrtrile 

[0121] Sodium methoxide (155 mg, 2.87 mmol) was added to a suspension of 2-amino-6-(2-furyl)-5-(6-oxo-1 ,6-di- 
hydro-3-pyridinyl)nicotinonitri!e (400 mg, 1 .44 mmol) in methanol (8 ml) at room temperature in a nitrogen atmosphere, 
S3 followed by stirring. After 15 minutes, iodoethane (0.35 ml, 4.38 mmol) was added thereto, followed by stirring as it 
was. After 1 5 hours, additional iodoethane (0.35 ml, 4.38 mmol) was added thereto, and the mixture was further stirred. 
After 24 hours, the reaction solution was concentrated. The residue was subjected to silica gel column chromatography 
(elution solvent; hexane, hexane:ethyl acetate=2:1 , 1 :2 t 1 :5). The resultingcrude objective-compound was suspended 
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in diethyl ether, and then the solid was collected by filtration and washed with diethyl ether, to give the title compound 
(149 mg, 34%) as a pale yellow solid. 

1H NMR (400 MHz, DMSO-*) 8 ppm; 1. 23 (3H, t, J= 7. 2 Hz), 3. 91 (2H, q. J= 7. 2 Hz), 6. 34 (1H, d, </= 9. 2 Hz), 
6. 57 (1H, dd, J= 2. 0, 3. 2 Hz), 6. 62 (1H, dd, J= 0. 8, 3. 2 Hz). 7. 06t2H, bf s), 7. 19 (1H, dd, J= 2. 8, 9. 2 Hz), 7. 
5 71 (1H, d, J= 2. 8 Hz), 7. 75 (1H, dd, J = 0. 8, 2. 0 Hz), 7. 88{1H, s) ; 
MS mfe (ESI) 307 (MH+). 

Example 6 

10 2-Amlno-6-(2-furyf)-5-<1 -methyl-6-oxo-1 ,6-dihydro-3-pyridiny0nicotlnonlWle 

[0122] The title compound was synthesized in the same manner as in Example 30. 

1 H NMR (400 MHz. DMSO-<fe) 6 ppm; 3. 45 (3H, s), 6. 35 (1H, d, J= 9. 2Hz), 6. 57 (1H, dd, J = 1 . 6, 3. 6Hz), 6. 65 
<1H, dd, J= 0.8, 3. 6 Hz), 7. 06 (2H, br s), 7. 17 (1H, dd, J= 2. 8, 9. 2 Hz), 7. 75 (1H, d, J= 2.8 Hz), 7. 76 (1H, dd, J 
13 =0.8, 1.6 Hz), 7.84 (1H t s); 
MS mfe (ESI) 293 (MH*). 

Example 7 

2-Amlno-6-(3-fluorophenyl)-5-(6-oxo-1 ,6-dihydro-3-pyridinyl)nicotlnonltr1le 
[01 23] The title compound was synthesized In the same manner as in Examples 21 to 29. 

1H NMR (400 MHz, DMSO-<fc) 8 ppm; 6. 19 (1H, d, J=9. 6Hz), 6. 86<2H, br s), 7. 00 t1H, dd, J=2. 8, 9. 6Hz), 7. 17-7. 
28 (4H, m), 7. 37-7. 45 (1H, m), 826 (1H, s) ; 
MS mfe (ESI) 307 (MH+). 

Example 8 

2-Amino-6-(3-fluorophenyl)-5-(1 -methyl-6-oxo-1 ,6-dihydro-3-pyridinyl)nicotinonitrile 

[0124] Using 2-amino^-(3-fIuorophenyO-5-(6-oxo-1,6-d^ the title compound was 

synthesized In the same manner as in Example 30. 

1H NMR (400 MHz, DMSO-dfe) 8 ppm; 3.40 (3H, s), 6. 17 (1H, d, J= 9. 6Hz), 6. 85 (1H, dd, J= 2. 4, 9. 6 Hz), 7.12 (2H, 
br s), 7. 14-7. 26 (3H, m), 7. 34-7. 42 (1 H, m), 7. 74 (1H, d, J= 2. 4 Hz), 7. 98 (1H, s) ; 
MS mfe (ESI) 321 (MH+). 

Example 9 

2-Amino-5-(4-cyanophenyl)-6-(2-furyl)nicotinonitrile 
[0125] 



20 



25 




2«Amino-5-bromo-6-(2-furyl)nicotinonitrile (20 mg, 75.7 u/nol), 4-cyanophenylboric acid (30 mg, 204 ujnol), dfchlorobis 
(acetonitrile) palladium (II) (2 mg, 7.71 umol). and a solution of 2 M aqueous potassium -carbon ate «<1 50 ul, 300 junol) 
In N.N-dimethytformamide (0.6 mL) was stirred at 80°.C for 14 hours. After cooling as it was, the reaction solution was 
diluted with ethyl acetate and water. After filtering off the insoluble matters, the organic layer in the filtrate was con- 
centrated. A half of the residue was purified by HRLC on a reverse phase -column and using a water-acetonltrile- 
trifluoroacetic acid system as the elution solvent, to give the title compound (3.33 mg). 
MS mfe (ESI) 401 (MH+). 
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[0126] The title compounds of the following Examples 10 to 76 were synthesized in the same manner as in€xampte 
3 or 9, or by its analogous method. 

Example 10 

2-Amino-5,6-di(2-furyf)nicotinonitrile ' 
Example 11 

2-Amino-5-(4-cyanophenyI)-€-(2-furyT)nicotinonitrile 
Example 12 

2*Amino-6-(2-furyO'5-phenytniootinonftrite 
Example 13 

2-Amino-6- (2-furyl)-S-(4-methytphenyl)nlcotlnonltrfte 
Example 14 

2-Amlno-6-(2-furyl)-5-{3-methy!phenyl)nfcotlnonltrfle 

> 

Example 15 

2-Amino-6-(2-furyl)-5-(2-methytphenyl)nicotinonltri]e 
Example 16 

2-Amino-6-(2-furyO-5^4-methoxyphenyl)nicotinonltrile 
Example 17 

2-Amino-6^2-furyr)-5-(3-methoxyphenyl)nicotinonrtrile 
Example 18 

2-Amino-5-(2,4-dimethoxyphenyr)-6-(2-furyl)nteotlnonltrile 
Example 19 

2-Amlno-5-(3 ( 4-dimethoxyphertyO-6H2-furyl)nicotinonitrile 
Example 20 

2-Amino^-(24uryO-5-(3,4,5-m*methoxyphenyi)nicotinonftrile 
Example 21 

2-Amino-5-(1,3-benzodioxo^-yi)-6^2-fuiyl)nlcotinonitrile 
Example 22 

2-Amino-6-l4-(ben2yloxy)phenyl]-6-(2-furyl)ncotinonttri!e 
Example 23 

2-Amino-5-[3-(benzyloxy)phenyl]-6-(2-furyr)nicotinonltrile 
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Example 24 

2-Amino-6-(2-furyi)-5-<4-phenoxypheny1)nicotinonitrile 
Example 25 

2-Amlno-5-(3-ethoxyphenyl)-6-(2-furyl)nicotinonilrile 
Example 26 

2-Amino^-(24uryf)-544^trifluoromethoxy)phenylJnicotinonitrile 
Example 27 

2-Amino^-(2-furyO-543-(trffluoromethoxy)phenyl)nk»tinonitrile 
Example 28 

2-Amino*5-(4-dimethylaminophenyO-6-(2-furyl)nicotlnonltrtle 
Example 29 

2-Amin{)-6-(2-fulyO-5^4-(methylsulfanyl)pheny^nicotinonltl1Ie 
Example 30 

2-Amino-5-(4-fluorophenyl)-6-(2-furyl)nicotinonitrile 
Example 31 

2-Amino-5-(3-fluorophenyl)«€-(2-furyl)nteotinonitrfle 
Example 32 

2-Amino-5-(2-ftuoropheny1)-6-(2-fury0nlcotinonltrile 
Example 33 

2-Amino-5-(2,4-dinuorophenyl)-6-(2-turyl)nicotinonitrile 
Example 34 

2-Amino-€-(24uryl)-5-(2 l 3 l 4 > 5 > 6-pentaftuorophenyl)nlcotlnonltr1Ie 
Example 35 

2-Am(no^-(2-furyO-5^4-(triftuoromethyl)phenyflnlcotinonltJlle 
Example 36 

2-Amino^-(24ury0^^3^trlftuoromemy1)phenyQnicotinonltnie 
Example 37 

2-Amino-6-(2-fury0^42-(trifIuoromethyl)phenyl]nlcotinonltrile 
Example 38 
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2-Amino^543 t 5-di(trifluoromettiyI)phenyQ-6-<2-furyO nicotinonttrfle 
Example 39 

2-Amino-6-(2-furyl)-5-(4-nitropheny0n»cotinoni!rile 
Example 40 

2-Amino-6-(2^furyl)-5-<3-nitrophenyl)nicotinonilrile 
Example 41 

2-Amino*6-(2-furyO<5-<4-methyl-3-nitrophenyQntcotinonitrile 
Example 42 

2-Amino-5-(2-fluoi^-biphenylyO-6-(2-furyt)nlcotlnonltrile 
Example 43 

2-Amlno^-(2^uryO-5^4-nriethyteulfonylpherTyl)nicotlnonitrile 
Example 44 . 

2-Amino-6-(2-furyl)-5-{4-methylsulflnylphenyl)nicotlnonftrile 
Example 45 

2-Amlno-5-(4-biphenylyl)-6-(2-fijry0nicotinonltrile 
Example 46 

2-Amlno-5-(3-biphenylyl)-6-(2-furyl)nlcotlnonltrile 
Example 47 

2-Amino-5-(3-cyanophenyl)-6-(2-furyl)nlcotinonitrile 
Example 46 

5-(4-AcetyIphenyl)-2-amlno-6-(2-furyl)nteotlnonltrlle 
Example 49 

5-(3-Acetylphenyl)-2-amlno-6-(2-fury0nlcotinonltrile 
Example 50 

5-(2-Acetyfphenyl)-2*amino-6-(2-furyl)nicotinonitri)e 
Example 51 

2-Amlno-5-(3-formylphenyl)-6-(2-furyl)nicotinonitrile 
Example 52 

2-Amino-5-(2-formylphenyO-6-(2-furyl)nicotinonltrile 
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Example 53 

2-Amino-5-(3-chlorophenyf)-6-(2-furyl)nteotinonltiil8 
Example 54 

2-Amino-5-(2^lorophem/1)-6-(2-fury!)nteotinonitrite 
Example 55 

2-Amino-5-(2,4-dchlorophenyl)^ 
Example 56 

2-Amlno-5-(3,4-rfichlorophenyO-6-{2-fuiyl)nlcotjnontofle 
Example 57 

2-Amino-5-(2,5-dlchlorophenyl)-6-{2-furyt)nicotlnonltrile 
Example 56 

2-Amino-5-(4-tert-butylphenyl)-6-(2-furyl)nlcotinonllrile 
Example 59 

2-Amlno-6-(2-furyl)-5-<1-naphthyl)nlcotinonitrile 
Example 60 

2-Amino-6-(2-furyl)-5-(2-naphthyl)nicotlnonitnle 
Example 61 

2-Amino-5-benzo[b]furan-2-yl-6-(2-furyl)nicotinonltrite 
Example 62 

2-Amino-5-diberuo[b,dJfuran-4-yl-6-(2-furyl)nicotjnonltnIe 
Example 63 

2-Amlno-6-(2-furyl)-5-(3-furyl)nlcotinonltrlle 
Example 64 

2-Amino-6*(2-furyO-5-(2-thienyl)nicotnonltrile 
Example 65 

2-Amino-6-(2-furyl)-5-<3-thienyl)nicotinonitrile 
Example 66 

2-Amino-6-(2-fuiyO'5-(5-methyl-2-thienyl)nicotinonitiile 
Example 67 
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2-AminD^-(2^ryO-5^4-methyl^-thienyl)nicotjnon(tri!e 
Example 68 

5-(5-Acetyl-24hieny0-2-amino-6-(2-fury0nlcotlnonftrile 
Example 69 

2-Amlno-5-(2^omTyl^thienyl)^(2^uryQnicotinonitrile 
Example 70 

2-Amino-5-(3-forTnyl-2-thieny0^(24ury0nicotinonrtrile 
Example 71 

2-Amino-5-(5-chloro-2-thienyl)-6-(2-furyl)ntcotinonrtrfle 
Example 72 

2-Amlno-5-ben2o[blthlophen-2-yl-6-(2-furyl)niootlnonltrile 
Example 73 

2-Amino-5-benzo[bJmiophen-3-yl-6-(2-furyl)nlcotinonitrile 
Example 74 

2-Amino-6-(2-furyQ-5-(3-pyridyl)nicotinonitriIe 
Example 75 

2-Amlno-6-(2-furyl)-5-(2-pyridyl)nlcotinonltrile 
Example 76 

2-Amino-6-(2-furyl)-5-(4-vinylphenyl)nlcolinonltriIe 
Example 77 

2-Amino-5-(1 -ethyl-6-oxo«1 ,6-dlhydro-3-pyridinyl)-6-{2-furyl)nlcotlnte acid 




[0127] Ethanol (5 mL) and 5 N aqueous sodium hydroxide (10 mL) were added to 2-amino-5-<1-ethyJ-6-oxo-1 ,6-di- 
hydro-3-pyridinyl)-6-(2-furyl)nicotinonitrile (308 mg, 1.01 mmol), followed by heating under reflux for 4 hours. After 
cooling as it was, the reaction solution was neutralized with 5 N hydrochloric acid. The resulting solid was -collected by 
filtration and then washed with water, to give the title compound (320 mg, 98%) as a yellow solid. 
1 H-NMR (400 MHz, DMSO-<fe) 5ppm; 1. 22 (3H, t t J= 7. 2 Hz), 3. 92 (2H, q, J* 7. 2 Hz), 6. 35<1H, d, J= 9. 2 Hz), 
6. 54-6. 58 (1H, m), 6. 60 (1H, dd, J= 0. 8, 3. 6 Hz), 7. 21 (1H, dd, J=2. 4, 9. 2 Hz), 7. 31 <2H, br), 7. 71 ^1H ( d, J = 
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2. 4 HZ). 7. 73 (1H, dd, J=0. 8, 3. 6 Hz), 7. 93 (1H, 8) ; 

[0128] The title compounds of the following Examples 78 and 79 were synthesized in the same manner as In the 
above-mentioned Example 77 or by its analogous method. 

Example 78 

2-Amlno-6-(2-furyl)-5-<6-oxo-1 ,6-dihydro-3-pyridinyl) nicotinic acid 
Example 79 

* 

2-Amino-6-(3-fluorophenyl)-5- (4-pyrioyi)nicotinonitrile 
Example 80 

♦ 

2-Amino-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3-pyridiny0-€-<2-furyl)nicotinamide 
[0129] 




[0130] 2-Amino-5-(1 -ethy»-6-oxo-1 f 6^ihydro-3-pyridinyl)-6-(2-furyi)nicotinic actd-(20 mg, 61 .5 jimol), 1-hydroxyben- 
zotriazole (28 mg, 183 jimol), 3-(3'-dimethylaminopropyt)-1 -ethyl carbodiimide (29 mg, 187 umol), ammonium chloride 
(16 mg, 299 ujnoi), and a suspension of triethylamine (43 pi, 309 umol) in N.N^imethytformamtde (1 .0 mL) was stirred 
at room temperature for 18 hours. After diluting the reaction solution with water, the resulting solid was collected by 
filtration and washed with water, to give the title compound (9 mg, 45%) as a pale yellow solid. 
1 H-NMR (400 MHz, DMSO-oy 6 ppm; 1. 24 <3H, t, J= 7. 2 Hz), 3. 92 (2H, q, J= 7. 2 Hz), 6. 37<1H, d, J= 9. 2 Hz), 
6. 53-6. 56 (1H, m), 6. 58 (1H, dd, J = 0. 8, 3. 2 Hz), 7. 23 (1H, dd, J= 2. 8, 9. 2 Hz), 7. 37 (3H, br), 7.*67i1H, d, J = 
2. 8 Hz), 7. 70 (1H, dd, J= 0. 8, 3. 2 Hz), 7. 93 (1H, s), 7. 99<1H, br) ; 

[0131] The title compounds of the following Examples 61 to 1 02 were obtained in the same manner as In the above- 
mentioned Example 80 or by its analogous method. 

Example 81 

2-Amino-6-(3-fiuorophenyl)-5-(4-pyrldy0nicotinamlde 
Example 82 

N-(2-Hydroxyethy1)-2-amino-6-(2-furyl)-5-(6-oxo-1 t 6-dfhydro-3«pyridInyl) nicotinamide 
Example 83 

N-Cydopropy1-2-amino-6-(2-furyf)-^ 
Example 84 

N,N-Dimethyl-2-amino-6-(24uryO-^ 
Example 85 

N-Cyclopropylmethyk2-amino-5-(1^^ 
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Example 86 

N-<2-Fluoroethyl)-2-amino-5-(1 -ethyl -6-oxo-1 ,6-<jihydro-3-pyridinyI}-6-(2-furyt) nicotinamide 
Example 87 

N-Cyclopropyt-2-amino-5-<1 -ethy1-6-oxo-1 ,6-dihydro-3-pyridinyl)-6-<2-f uryl)nicotinamide 
Example 88 

N-(3-Diethylamino)propyt-2-amino-5-(1 -ethyl-6-oxo-1 l 6^ihydro-3-pyridiny0-8-(2-furyl)nicotlnamlde 
Example 89 

N-MethyI-2-amino-5-(1 -ethyl-6-oxo-1 ,6Klihydro-3-pyridinyl)««-{2-furyl)nicotinamide 
Example 90 

N-Phenyl-2-amlno-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3ijyrtdlnyl)-6-(24uiy0n*cotinamide 
Example 91 

N-Ally1-2-amino-5«(1 -ethy1-6-oxo-1 ,6-dihydro-3-pyrldinyl)-6-(2-fury0nicotinamlde 
Example 92 

N-{2-Amino-2-oxoethyl)-2-amino-5-(1-ethyl-6-oxo-1 ,6-dihydro-3-pyridinyl)T6-(2-furyf)nicotinamlde 
Example 93 

N-lsobutyl-2-amino-5-(1 -ethyl«6-oxo-1 ,6KJihydrc>-3wridinyO-6-(2^ui70nk»tinamide 
Example 94 

N-(5-Cyanopentyl)-2-amino-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3-pyridinyi}^6-(2-f uryt)ncotinamide 
Example 95 

N-{3-(2-Oxotetrahydro-1 H-1 -pyn-olyl)propyi]-2-amino-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3-pyridinyl)-6-(2-f uryl) 
nicotinamide 

Example 96 

N-(2-Pyridyimethyl)-2-emino-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3-pyridinyl)-6-{2-furyi)nlcotinamide 
Example 97 

N-(3-Pyridylmethy0-2-amino-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3-pyridinyf)-6- (2-fury1)nicotinamide 
Example 98 

N-[2-(4-Pyridyl)ethyl]-2-amino-5-(1-ethyl-6-oxo-1 f 6-dihydro-3-pyridinyt)-6-(2-furyl)nicotinamide 
Example 99 

Nl2-(2-Pyridyl)ethyl]-2-amino-5«(1 -ethyk6-oxo-1 ,6-dihydn>-3-pyridinyl)-6- (2-furyl) nicotinamide 
Example 100 
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N-(2-Propyny0-2-amino-5-(1 -ethyW-oxo-1 £^irtydro^yridiny1)^24ur^^ 
Example 101 

N-(3-Hydroxypropyl)-2-amlno-5-{1 -ethyl-6-oxo-1 .B-dmydro-S^yridim/O^^-turyOnicotinamide 
Example 102 

N-Ethy»-2-amino-5-(1 -ethyl-6-oxo-1 ,6-dihydro-3-pyridinyl)-6-(2-f uryl)nicotinamide 

Example 103 

103-(a): 

2-Amino-6-(2-furyf)-S-<6-oxo-1 -propvM ,6-dihydfD-3>pyr1dlnyl)nicotinonftrile 
[0132] 




[0134] 2-Amino-6-(2-furyl)-5-(6-oxo-1 <6>dihydro-3*pyridinyl)nicotinonitrile <20 mg, 0.072 mmol) and potassium car* 
bonate (30 mg, 0.22 mmol) were introduced into a reaction vessel, dissolved in N f N-dimethylformamlde (1 mL). Propyl 
iodide (52 mg, 0.31 mmol) was added thereto, followed by stirring at 70*C for 18 hours. After the reaction was finished, 
water was added thereto, and It was extracted with ethyl acetate. After removing the aqueous layer, the organic layer 
was concentrated and purified by high performance liquid chromatography, to give the title product as a yellow solid 
(2.6 mg, 11%; 1.8 mg, 7.8%). 

1 03-(a): 2-Amino-6-(2-furyl)-5-(6-oxo-1 -propyl- 1 ,6-dihydro-3-pyridinyQnicotinonitrile . 

[0135] 1 H-NMR (400 MHz, CDCI3) 5 ppm; 0. 98 13H, t, J= 7. 4 Hz), 1. 83<2H, q, J= 7. 4 Hz), 3. 99 (2H, t. J= 7. 4 
Hz), 5. 50 (2H, brs), 6. 47 (1 H, dd, J= 3. 6, 1 . 8 Hz), 6. 73 (1H, dd, J = 3. 6, 0. 8 Hz), 6. 81 (1 H, d, J= 9.2 Hz), 7. 26 
(1H, m), 7. 30 (1H, dd, J= 9. 2, 2. 4 Hz), 7. 46 (1H f dd, J= 1. 8, 0. 6 Hz), 7. 58-(1H, s); 
MS(ESI)m/e321 (MH+). 
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: 2'Amlno^(2^uryD-5^4^ropy1-3-pyri(M>-3^yridinecaibonttrile 

[0136] 1 H-NMR (400 MHz, CDCQ) 6 ppm; 1 . 07 (3H, t, J= 7. 4 Hz). 1 . 85 (2H, m), 4. 30<2H, t, J= 6. 6 Hz), 6. 38-6. 
41 (2H, m), 6. 81 (1H. dd, J = 8. 8, 0. 8 Hz), 7. 46-7. 48 (2H, m), 7. 62 (1H, s), 8. 06 (1H, d, J= 0. 8 Hz) ; 
MS (ESI) m/e 321 (MH+). 

Example 104 

2-Amino-5-{1 -(4-cyanophenyl)-6-oxo-1 ,6-dihydro-3-pyrfdlnyf]-6-(2-f ury1)nteotinonftrile 
[0137J 




[0138] 2-Amino-6-(2-fuiyO^-(6^xo-1 f 6^ihydro-3-pyridinyQnk50tinonltri!e (20 mg, 0.071 mmof), 4-cyanophenytbo- 
ronic add (35 mg, 0.24 mmol), copper acetate monohydrate (3.0 mg, 0.015 mmof), pyridine (0.015 mL, 0.19 mmol) 
and N,N-dimethyrformamide (1.0 mL) were introduced into a reaction vessel and stirred at room temperature for 20 
hours. Water was added to the reaction solution, followed by extracting with ethyl acetate. The organic layer was dried, 
and then dissolved in dimethyl sulfoxide (1 .0 mL) and purified by high performance liquid chromatography, to give the 
title compound as a yellow solid (8.32 mg, 62%). 

1 H-NMR (400 MHz, DMSO-<fe) 6 ppm: 6. 49 (1H, d, J= 9. 6 Hz), 6. 61 (1H, dd, J= 1 . 6, 3. 2 Hz), 6. 79 (1H, d, J= 3. 
2 Hz), 7. 07 (2H, brs), 7. 30 (1H, dd, J= 2. 6, 9. 6 Hz), 7. 74 (1H, d, J= 2. 6 Hz), 7. 76 (2H, d. J = 8. 6 Hz), 7. 82 (1H, 
d, J= 1.6 Hz), 7. 98 (1H, s), 8.02 (2H, d, J= 8. 6 Hz); 
MS (ESI) m/e 380 (MH+). 

[01 39] The title compounds of the following Examples 1 05 to 1 46 were obtained in the same manner as in the above- 
mentioned Example 5, 1 03 or 1 04, or by its analogous methods. 

Example 105 

2-Amino-6-(2-furyl)-5-[6-oxo-1 -(3-phenytpropyl)-1 ,6-dihydro-3-pyridinyl]nJrotinonitrile 
Example 106 

Ethyl 4-5-[6-amino-5-cyano-2-(2-furyl)-3-pyridyl]-2-oxo-1 ,2-dihydro-1 -pyridinylbutanoate 
Example 107 

2-Amino-5-[1 -(3-cyanopropyl)-6-oxo-1 ,6-dihydro-3-pyridinyl]-6-(2-nj rytynicotinonitrile 
Example 108 

2-Amino-5-{1 -(3-cyanobutylpropy1)-6«oxo- 1 ,6-dihydro-3-pyridinyl}-6-(2-f uryl)nicotinonltrile 
Example 109 

2-Amino-6-(2-furyl)-5-[6-oxo-1-(4 l 4 l 4-trifluorobutyl)-1 ,6-dihydro-3-pyridinyl]ncotinonitrile 
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Example 110 

2-Amino*(2-furyO-5l6^xo-1-(3,4^ 
Example 111 

2-Amino-6-(2-f uryf)-5-{6-oxo-1 -{3 f 3 f 3-trifluoropropyl)-1 .e^ihydro-SijyrWinyllnicotinonltrile 
Example 112 

2-Amino-5-(1 -butyl-6-oxo-1 ,6-dihydro-3-py ridinyi)-6-{2-furynnicotinonltrile 
Example 113 

2-Amlno-6-(2-f uryl)-5-(1 -heptyl-6-oxo-1 .B-dihydro-S-pyrid^nteotlnonltrite 
Example 114 

2-Amino-6-(2-furyl)-5-(1 -lsopentyl-6-oxo-1 f 6-dihydro-3-pyridinyI)nk»tinonItrile 
Example 115 

5-(1-Alfyl-6-oxo-1 ,6-dfhydro-3-py rfdlnyl)-2-amino-6-(2-f uryl)nlcotlnonItrile 
Example 116 

2-Amino-5-[1 -(3-butenyl)-6-oxo-1 ,6Kiihydro-3-pyridinyt]-6-{2-fu ryl)nicotinonitrite 
Example 117 

2-Amino^-(2-furyO-5^6-oxo-1-(4^entenyl)-1,6^ 
Example 118 

2-Amino-6-(2-f uryl)-5-[1 -<3-hydroxypropyl)-6«oxo-1 ,6^ihydro-3-pyridiny1]nicotinonftrite 
Example 119 

2-Amino-5-[1 -(2,3-dihydroxypropyl)-6-oxo-1 ,6-dihydro-3~pyridiny1}$-<2-f uryl)nicotinonlti1te 
Example 120 

2-Amino-5-{1 -(3-fluoropropyl)-6-oxo- 1 t 6KJihydro-3-pyridlnyl}^-(2-furyl)nlcotlnonltrile 
Example 121 

2-Amino-5^1-(3^loropropy9-6K>xo-1,6^ihydr^^ 
Example 122 

2-Amino-5-[1 -{4-chlorobuty1)-6-oxo-1 ,6-dihydro-3-pyridinyl)-6-{2-f uryl)nicotinonltrile 
Example 123 

2-Amino-5K1-(5K*loropentyD^^xo-1,6^ihydro-3^yri^^ 
Example 124 
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2-Amino-5-[1 -tcyctohexy!methyl)-6-oxo-1 ,6Klihydro-3i3yridinyl]-^(24uryj)nicoli nonitriie 
Example 125 

2-Amino-€-<2-furyf)-5-{6-oxo-1 -(tetrahydro-2H-2-pyranytmethy1)-1 f 6-dihydro-3-pyridinyl]nicotinonttri!G 
Example 126 . ^ - . . 

2-Amino-5-(1 -benzyl-6-oxo-1 t 6-dihydro-3-pyridinyl>6-(2-fufy0nlcotlnonftrile 
Example 127 

2-Amino-5-[1 -(2-cyanoethyl)-6-oxo-1 ,6 Klihydro-3-pyiidinyl}-^(2-fury0nicotino nitrite 
Example 128 

2-Amino-6-(2-furyl)-5-[6-oxo-1 -(2-propynyl)-1 ,6-dihydro-3i3yridiny0nicotinonftrile 
Example 129 

2-Amino-5-[1 -<2-butynyl)-6-oxo-1 , 6-dIhydro-3-pyridinyl]-6-<2-fury l)nlcot!nonltrile 
Example 130 

2-Amino-6-(2-furyl)-546-oxo-1 13-(1 ,1 ,1 -trimethytsilyt)-2-propyny1H ^-dlhydro-S-pyridinylJncotinonitrfle 
Example 131 

2-Amino-5^(67-dimethoxy-2^xo-2H^-chro^ 
Example 132 

2-Amino-5-{1-[4-(1 ,3-dioxo-2,3-dihydro-1 H-2-isoindofyl)butyl)-6-oxo-1 f 6Klihydro-3^ridiny0^2-furyl)nic»tinonitrile 
Example 133 

2-Amino-6-(2-furyl)-5-{1 -{2-(1 H-3-indolyl)ethyQ-6-oxo-1 ,6-dihydro-3-pyridinyl}nicotinonitrile 
Example 134 

2-Arnino-6-<2-furyl)-5-{6-oxo-1 -(2-oxopropy1)-1 ( 6-dihydro-3-pyridinyl]nicotlnonltri!e 
Example 135 

2-Amino-6-(2-fury1)-5-{6-oxo-1 -2-oxo-2-[4-(trifluoromewy0phenylJethyl-1 ,6-dihydro-3-pyridinyl}nicotlnonitrile 
Example 136 

2-Amino-6-(2-f uryl)-5-(6-oxo-1 -phenyl- 1 ,6-dihydro-3-pyridinyl)-6-{2-fury0nicotinonitrile 
Example 137 

2-Amino-5^1-(4<yanophenyl)-6^xo-1,6<iihydro^ 
Example 138 

2-Amlno-6-(2-furyl)-5-{6-oxo-1 -(4-vinylphenyl)-1 .e-dlhydro-S-pyridinyflnicotinonltrile 
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Example 139 

2-Amino-6-(2-furyl)-5-{1 -{4-methylphenyf)-6-oxo-1 .Mihydro-3-pyridinyOntootinonftrile 
Example 140 

2-Amino-6-(2-furyl)-5-{1 -(2-methylph enyf)-6-oxo-1 ,6-dihydro-3-pyridinyl)nicotinonflrile 
Example 141 

2-Amino-6-(2-f ury1)-5-[1 ~(4-methoxyphenyl)-&-oxo-1 f 6^ihydi^-pyridiny1]nicotinonltrile 
Example 142 

2-Amino-6-(2-f uryl)-5-[1 -(3-methoxyphenyl)-6-oxo-1 6-dihydro-3-pyridinyI]nicotinonitri)o 
Example 143 

2^AmInc>-6-(2-fufyO-54H2-methoxyphenyl)^^ 
Example 144 

2-Amino-5-[1 -(4-fluorophenyl)-6-oxo-1 ,6-dihydro-3-pyridinyl]-6-<2-f uryl)nicotinonltrile 
Example 145 

2-Amino-5-[1 -(3-fluorophenyl)-6-oxo-1 ,6-dihydro-3-pyridinyl]-6-(2-f uryt)nicotinonitrile 
Example 146 

2-Amino-5-[1 -(2-fluorophenyl)-6-oxo-1 ,6-dihydro-3-pyridinyl]-6-(2-f uryljnicotinonitrile 

[01 40] The title compounds of the following Examples 1 47 to 1 75 were obtained in the same manner as in the above- 
mentioned Example 103 or by its analogous method. 

Example 147 

6-Amino-2-(24uryO^ , -(3^henylpropoxyH3,3Tbipyridinyl-5-^roonitrile 
Example 148 

Ethyl 4-(6 , -amino-5 , K^no-2M24ury0^3 l 31bipyridinyl^-yioxy)butyrate 
Example 149 

6-Amino^3-cyanopropoxy)-2^2«furyW^ 
Example 150 

6-Amlno-6'^clobutylmethoxy-2^2-fu^ 
Example 151 

6-Amino-2-(24uryQ^-(4A44rifluorobirtox^^ 
Example 152 

6-Ammo-2-(2-fury0^3,4,4-trifluoro 
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Example 153 

6-Amim>-2-(2^iy0^3,3,3-trffluorop 
Example 1 54 

6-Amino^^utoxy-2^2-furylH3,31bipyridinyf-5-cart>onMe 
Example 155 

6-Amino-2-(2-furyO^'-heptyloxyl3,3^ 
Example 156 

6«Amino-2-(24uryO^M3-methylbmoxyH3,31bipyri^^ 
Example 157 

6*-Allyloxy-6-amino-2^2-furylH3^^ 
Example 158 

6-Amino-6X3-butenyloxy)-2-(2-furyM3,3^ 
Example 159 

6-Amino-2-(24uryO^'-(4-pentenyloxy^ 
Example 160 

6-Amino-2-(24uryO^X3-hydroxypropoxy^ 
Example 161 

6-Amino-6M2,3^ihydroxypropoxy)-2^2-furyl^^^ 
Example 162 

6-Amino^«(3-fluoropropoxy)-2«(2«furylH3,^ 
Example 163 

6-Amino-643^hloropropoxy)-2-(2-fu^ 
Example 164 

6-Amino^'-(4^lorobutoxy)-2-(2-fuiy1H3 ( 31b^ 
Example 165 

6-Amino^-(5<htoropentyloxy)-2-(2-fury0^3,3'Ib[pyridinyl-5-cart)onitrile 
Example 166 

6-Amlno^ , ^lohexyloxy-2-(2-fuiy0i3,31bipyridinyl-5<arbonM 
Example 167 
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6-Amino-2-(2-furyO-6M2-tetrahydro^^ 
Example 168 

6-Amino-2-(2«furyg^2^ropynyto^ 
Example 169 

6-Amino^'-(2-butyny1oxy)-2-(24^ 
Example 170 

6-Amlno-2-(2-furyO^W3-trimethylsilanyl-2-pn^ 
Example 171 

6-Amino-6467^imethoxy-2K>xo-2H^hromen^-ylmeth^ 
Example 172 

6-Amino^44^1,3^loxo-1 I 3^Ihydro-2-feoindoly0buto^ 
Example 173 

6-Amino-2-(2-fury0^42-(1H-3-indolyl)eto 
Example 174. 

6-Amlno-2-(2-furyl)^'-(2-oxopropyl)^3,31bipyridinyl-5Kartx>nltrite 
Example 175 

6-Amino-2-(2-furyg^42-{4-(trffluorome% 
Example 176 

2-Amino-4,6Kli(3-fluorophenyl)-5-<4-methoxy-3i^^ 




[0141] The title compound was obtained in the same manners as in Reference Examples 6 to 9 and Example 3, or 
by analogous methods of these. 

1 H NMR (400 MHz, DMSO-oy 5 ppm; 3 ( 81 (3H, s), 5. 43 (2H, br s), 6. 41 -6. 46 (1 H, m), 6. 79-8. 83 (1 H, m) t 6. 88-7. 
04 (6H, m), 7. 17 (1H, dt, J = 2. 4, 5. 9 Hz), 7. 29 (1H, dt. J= 2. 4,5. 9 Hz), 7. 53-7.57 (1H, m). 
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Example 177 

2-Amino-4,6-dt(3-fluorophenyl)-5-(6-oxo-1 ,^ihydirh3-pyridy1)nicotinonltrile hydrobromide 




[0142] The title compound was obtained in the same manner as in Example 4 or by its analogous method. 

1H NMR (400 MHz, DMSO-oy 6 ppm; 6. 01 (1H, d, J= 9. 4 Hz), 6. 86 (1H, d, J= 2. 4 Hz), 6. 93 (1H, dd, J =2. 4, 9.4 

Hz). 7. 04-7. 24 (6H, m), 7. 32-7. 39 (1H, m), 7. 40-7. 47 (1H, m). 

Example 178 

2-Amino-6-(24uryO-4-isopropoxy-5^4-methox 




[0143] Using 6-(2-furyl)-4-isopropoxy-2-oxo-1 ,2-dihydro^-pyridinecarbonitrile, the title compound was obtained in 
the same manner as in Reference Examples 7 to 9 and Example 3, or by its analogous method. 
'H NMR (400 MHz, DMSO-oy 6 ppm; 1. 12 (6H, d, J= 6. 1 Hz), 3. 98 (3H, s), 4. 58-4. 65 (1 H, m) f S. 44 .(2H, br s), 5. 
97 (1H, d, J= 3. 3 Hz), 6. 29 (1H, dd, J= 1 . 8, 3. 3 Hz), 6.81 <1H, d, J= 8. 4 Hz), 7. 37-7. 43 (2H, m), 7. 98 (1H, d, J 
= 1.8 Hz). 

Example 179 

2-Amlno-6-<2-fury1)-4-hydroxy-5-{6-oxo-1 ,6-dihydro-3-pyrid!nyl)nicotinonltrile hydrobromide 




[0144] Using 2-amino^-(2-fury1)-4-isopropoxy-5-<4-meth^ the title -compound 

was obtained in the same manner as in Example 4 or by its analogous method. 

1H NMR (400 MHz, DMSO-cfe) 8 ppm; 6. 20 (1H, d, J= 3. 7 Hz), 6. 31 (1H. d, J= 9. 3 Hz), 6. 61 Jt1H, dd, J= 1. 5, 3. 
7 Hz), 7. 01 (2H, br s), 7. 08 (1 H, dd, J= 2. 4, 9. 3 Hz), 7. 12<1H, d, J= 2. 4 Hz), 7. 92(1H,d, J= 1 .5 Hz), 10. 79 (1 H, br s). 
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Example 180 

2-Amino-6-(3-fluorophenyO^-isopropoxy-5-(4-mem 




[01 45] The title compound was obtained In the same manner as in Examples 14 to 16, Reference Examples 7 to 9 
and Example 3 or by analogous method of these. 

1H NMR (400 MHz, DMSO-cy 5 ppm; 1. 13 (6H d, J= 8. 1 Hz), 3.95 (3H, s), 4. 44-4. 58 (1H, m), 5. 28-(2H, br s), 6. 
66 (1H, d, J = 8. 6 HZ), 6. 89-7. 01 (3H, m). 7. 16 (1H, dt, J* 5. 9, 8.0 Hz), 7. 28<1H, dd, J= 1. 6, 8. 6 Hz), 7. 79-7. 
81 (1H,m). 

Example 181 

2-Amino-6-(3-f luorophenylM-hydroxy-5-(6-oxo-1 .6-dlhydro-3-pyridinyl)nicotinonitrile hydrobromlde 
[0146] 




[0147] Using 2-amino-6-(3-fluoropheny!M-£op'epoxy-5-{4^ the title com- 

pound was obtained in the same manner as in Example 4 or by its analogous method. 

1 H NMR (400 MHz, DMSO-cfe) 6 ppm; 6. 10 (1H, d, J=* 9. 6 Hz), 6. 75-6. 80 (1H, m), 6. B9-6. 93<1H, m), 6. 99 (1H, 
dd, J= 2. 7, 9. 6 Hz), 7. 12 (1H, d, J= 7. 4 Hz), 7.52-7. 29 (2H, m), 7. 41-7. 48 (1H. m), 10. 95 (1H, s). 

Example 182 

2*Amlno-6-(3-fluorophenyl)^(4-methoxy^-pyrloVI)-3-pyridinecarbonltrile 




[0148] The title compound was obtained in the same manners as in Reference Examples 7 to 9 and -Example 3 or 
by its analogous methods. 

'H NMR (400 MHz, DMSO-cfe) 5 ppm; 3. 82 (3H, s), 6. 71 <1H, d, J= 8. 4 Hz).€. 99-7.04(1H, m), 7. 08-7. 20{4H, m), 
7. 28-7. 35 (1H, m), 7. 36 (1H, dd, J= 2. 5, 8. 4«z), 7. 95{1H, d, J=5.« Hz), 8. 01 (1H, s); MS m/e (ESI) 32HMH*). 



53 



CP 1 308 441 A1 



Example 183 



2-Amino-6-(3-fluoropherryl)^(6-oxo-1,6-dih^ 



N 




N 
H 



'O 



F 



[0149] Using 2-amino^3-fluorophenyf)-5^4^etho the title compound was ob- 

tained in the same manner as in Example 4 or by its analogous method. 

1H NMR (400 MHz, DMSO-oy 6 ppm; 6. 15 (1H ( d, J= 8. 2 Hz), 6. 94*7. 02 (1H m), 7. 04-7. 28 (6H, m), 7. 34-7. 44 
(1H, m) f 7. 97(1H,s>; 
MS ftYe (ESI) 307 (MH+). 



[0150] The title compound was obtained in the same manner as in Reference Examples 1 to 4 and Example 1 , or 
by its analogous method. 

1 H NMR (400 MHz, DMSO-<%) 8 ppm; 2. 30 (6H, s), 6. 78 (2H, s), 7. 01 (1H, d, J= 8.0 Hz), 7. 10-7. 18 (1H m), 7. 17-7. 
23 (1 H, m), 7. 26 (2H, s), 7. 29-7. 35 (1H, m), 8. 03 (1H, s); MS m/e (ESI) 319 (MH*). 

[0181] The structural formulae of the title compounds of the above-mentioned Examples 1 to 8, 10 to 76, 78, 79, 81 
to 102, 105 to 175 are shown below. 



Example 184 



2-Amino-6-(3^uorophenyl)-5-(6^xo-1,6^dihydro-3-pyrldinyl)nicotinonftri^ 




F 
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{continued) 





Example No. 


R" 


MS nVe(€SI, MH+) 


5 


1 1 


4-Cyanophenyt 


401 




12 


Phenyl 


262 


* ■ 


1 3 


4-methytphenyl 


276 




• 

1 4 


3-mettiytphenyl 


276 


10 




2-Methytphenyl 


276 


4 


1 6 


4-Methoxyphenyl 


292 




1 7 


3-Methoxyphenyl 


292 


15 


1 8 


2,4-Dimethoxyphenyl 


322 


1 9 


3,4-Dimethoxyphenyl 


322 




20 


3,4,6-Trimethoxyphenyl 


352 




21 


3,4-Methytenedioxyphenyl 


306 


20 


22 


4-Benzyloxyphenyt 


368 




23 


3~Benzyk>xypheny1 

* 


368 


* 


24 


4-Phenoxyphenyl 


354 


55 


25 : 

* 


3-Ethoxyphenyl 


306 


» 


28 


4-Trifl u oromethoxyphenyl 


346 

• 


- 


27 


3-Trifluoromethoxyphenyl 


346 




28 


4-Oimethylaminophenyl 

* 


305 


30 1 


29 


4-Thiomethytphenyl 

* 


308 




3 0 


4-Fluorophenyl 


280 




31 


3-Ruorophenyl 


280 


35 


32 


2-F!uoropheny1 


260 




33 


2,4-Diftuorophenyt 


298 




34 


2,3,4,5-Pentafiuorophenyl 


352 




35 


» 

4-Trifluoromethytphenyl 


330 


40 


36 


3-Trifluoromethytphenyl 

* 


330 




37 


2-Trifluoromethytphenyl 


330 




38 


3 ( 5-Bis(trifluoromethyl)pheny1 


398 


45 


39 

• 


4-Nitrophenyl 


307 




40 


3-Nitrophenyl 


307 




41 

t* 


3-Nitro-4-mettiylphenyl 


321 




42 


2-Fluoro-4-biphenyty1 


356 


SO 


43 


4-Methanesulfonytphenyt 


340 




44 


4-Methanesutfinytphenyl 


324 




4 5 1 


4-Biphenylyt 


338 


55 


46 


- 

3-Biphenyfyl t 


338 




47 


3-Cyanophenyl 


267 




48 


4-Acetylphenyl 


304 



56 



5 



10 



15 



20 



30 



35 



40 



45 
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(continued) 



Example No. 


R 


MS mte(ES\ t MH+) 


49 


3-Acety (phenyl 


304 


50 


2-Acety!phenyt 


304 


51 


3-Formytphenyl 


290 


52 : 


2-Formytphenyl 


290 


53 


3-Chlorophenyl 


296 


5 4 


2-Chloropheny) 


296 


55 


2,4-DtchIorophenyl 


330 


56 


3,4-Oichlorophneyl 


330 


5 7 


3,5-Dichlorophneyl 


330 


58 


4-tert-Butylpheyl 


318 


59 


1-Naphthyl 


312 


60 


2-Naphthyl 


312 


61 


2-Benzofuranyl 


302 


62 

» 


4-Otbenzofuranyl 


352 


• 

63 


3-Furyl 


252 


6 4 


2-Thlenyl 


268 


65 

i 


3-Thienyl 


268 


66 


5-Methy1-2-thienyt 


282 


67 


4-Methyl-2-thieny1 


282 


6 8 


5-Acety!-2-thieny1 


310 


69 

• 


2-Formyl-3-thleny1 


298 


70 


3-Formyfc2-thleny1 


296 


71 


5-Ch!oro-2-thienyt 


302 


72 


2-Benzoth iophenyl 


318 


• 

73 


3-Benzothiophenyl 


318 


74 


3-Pyridyl 


263 


75 : 


2-Pyrtdyl 


263 


76 


4-Vinylphenyl 


288 



SO 
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Example No. 




R* 1 MS ffl/e Q4H') 


78 


Hp 




298 (ESI) 


7 9 


HQ 

F 


ho ; 


310 (FAB) 



Example No. 


R ] 


R' 


R" 


I— 


MS a/em) 


D 1 
O 1 






H 


„ 
H 


309 (FAB) ' 


8 2 




►-Or 1 


K 


H 


341 (ESI) 


8 3 


Hp . 




H< : 


H 


337 (ESI) 

• 


84 


Hp ! 




He 


Me 


325 (ESI) 


8 5 

• 
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I Example No. 


R 
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Example No. L 
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35 [0152] The compound of the present invention represented by the above formula (I) is useful as an adenosine re- 
ceptor (A.,, A^, or A3 receptor) antagonist, particularly an receptor antagonist Test Examples showing the 
usefulness of the compound of the present invention as a medicament are shown below. 

Test Example 1 

40 

Measurement of the ability to bind to adenosine A 1 receptor 

[01 53] A human adenosine A 1 receptor cONA was expressed in excess in CHOK1 celts, and this membrane sample 
was added at a protein concentration of 66.7 u,g/ml to, and suspended in, 20 mM HE PES buffer, pH 7.4^10 mM MgCfe, 

45 1 00 mM NaCI). To 0.45 ml of this membrane sample suspension were added 0.02S ml of 60 nM tritium-labeled chlo- 
rocyclopentyl adenosine pH-CCPA, from NEN Ltd.) and 0.026 ml test compound. This mixture was left at 30°C for 120 
minutes, filtered rapidly under suction through a glass fiber filter (GF/B, from Whatman), and immediately washed twice 
with 5 mi of 50 mM water-cooled Tris-HQ buffer. Thereafter, the glass fiber filter was transferred to a vial, a scintillator 
was added thereto, and the radioactivity on the filter was measured by a liquid scintillation counter. The inhibition of 

50 binding of 3H-CCPA to A 1 receptor by the test compound was determined using the following formula, and from this 
inhibition, 50 % inhibition concentration (ICjo) was calculated {the following equation). 

Inhibition <%H1 -{binding in the presence of the test 

55 

compound-non-specific binding)/(total binding-non-specific 

binding)}] x 100 
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[01 54] In the above formula, the total binding means 3 H-CCPA-bound radioactivity in the absence of the test-com- 
pound; the non-specific binding means 3 H-GCPA-bound radioactivity in the presence of 1 00 nM RPIA ([RHl-methyi- 
2-phenylethyf] adenosine); and the binding in the presence of the testcompound means 3 H-CCPA-bound radioactivity 
in the presence of the test compound at predetermined concentrations. The inhibition constant <KJ value) in the table 
5 was determined from the formula of Cheng-Prusoff. 

Test Example 2 

Measurement of the ability to bind to adenosine A^ receptor 

w 

[0155] An experiment of inhibition of binding to adenosine A^ receptor was conducted using a membrane sample 
(Receptor Biology Inc.) where an adenosine A^ receptor cONA was expressed in excess. This membrane sample 
was added at a protein concentration of 222 jig/m) to, and suspended in, 20 mM H€P€S buffer, pH 7.4 (10 mM MgCl2 
and 100 mM NaCI). To 0.45 ml of this membrane sample suspension were added 0.O25 ml of 500 nM tritium-labeled 

19 2-p-(2-carboxyethyQphenetylamino-5 > -N-ethylarboxyamide adenosine ( 3 H-CGS21680, from NEN) and 0.025 ml test 
compound. This mixture was left at 25°C for 90 minutes, filtered rapidly under suction through a glass fiber fitter {GF/ 
B, from Whatman), and immediately washed twice with 5 ml of 50 mM water-cooled Tris-HCI buffer. Thereafter, the 
glass fiber fitter was transferred to a vial, a scintillator was added thereto, and the radioactivity on the fitter was measured 
by a liquid scintillation counter. The inhibition of binding of 3 H-CGS216dO to A^ receptor by the test compound was 

so determined using the following formula, and from this inhibition, 50 % inhibition concentration^ was-calculated. 

lnhtbition'(%)=(1 -{binding in the presence of the test compound-nonspecific 
25 binding)/(total binding-nonspecific 

binding)}] x 100 

[0156] Here, the total binding means 3 H-CGS21680~bound radioactivity in the absence of the test compound; the 
30 nonspecific binding means 3 H-CGS21680-bound radioactivity in the presence of 100 u.M RPIA; and the binding in the 
presence of the test compound means 3 H-CGS21680-bound radioactivity in the. absence of the test compound at 
predetermined concentrations. The inhibition constant (Ki value) in the table was determined from the formula of Cheng- 
Prusoff. 

as Test Example 3 

Experiment of inhibition of NECA-stimulated production of cAMP in adenosine A^ receptor-expressing cells 

[0157] CHOK1 cells where a human adenosine A^ receptor had been expressed in excess were plated onto a 
40 24-well plate at a density of 1 .5 x 1 0 s ceils/well, cultured overnight, and used in the experiment The degree of inhibitory 
effect of the test compound on the amount of cAMP produced by stimulation with 30 nM 5'-N-ethyicarboxy amide ad- 
enosine (NECAfrom Sigma) was evaluated in terms of affinity for A^ receptor. That is, the adheringceils were washed 
twice with 2 mVwel! Krebs-Ringer buffer solution (containing 0.1 % BSA; pH 7.4) and pre-incubated f or 30 minutes in 
a volume of 0.5 ml/well. Then, a mixed solution containing NEC A and the test compound was added in a volume of 
45 0.1 mi/Well in the presence of a phosphodiesterase inhibitor Ro-20-1724<a product of RBI) . After preincubation for 
15 minutes, the reaction was terminated with 0.1 N HCI in a volume of 300 uVwell. Measurement of intracellular cAMP 
was carried out using a cAMP enzyme immunoassay kit produced by Amersham. The inhibition of NECA-stimulated 
production of cAMP by the test compound was determined using the following equation: 

50 Inhibition (%HH(amount of CAMP in the coexistence of NECA 

and the test compound-amount of cAMP in only the Krebs-Ringer 
„ buffer sotution)/(amount of cAMP upon stimulation with NECA 

only-amount of cAMP in only the Krebs-Ringer buffer 
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solution)}] x 100 

[0158] The ability of the compound according to the present invention to bind to or the ability to inhibit adenosine 
receptor are as follows. 



Table 1 



Test Compound 


| Ki (nM) A1 Ki (nM) A2a iC^ (nM) A2b 


Example 1 


| 990 23 2.7 


2 | 


I 66 22 3.7 


5 | 


| 400 7 6.5 



[0159] The compound according to the present invention or a salt thereof exhibited an excellent inhibitory activity 
on adenosine receptor. 

Test Example 4 

Evaluation of Defecation-Promoting Action 

[0160] The defecation-promoting action of the adenosine receptor-Inhibiting compound which was identified by 
measuring the binding ability and inhibitory ability thereof to the adenosine receptor in Test Example 1 , a salt thereof, 
a hydrate of them, or a pharmaceutical composition containing it can be evaluated on the basis of the following method. 
That is, SO IGS rats (6 weeks-old, from Charles River) were placed in cages (3 animals/cage) and preliminarily allowed 
food and water ad libitum and raised for 1 week. Then, a tared water-absorbing sheet was placed below each cage, 
and the animals were fasted but allowed water ad libitum throughout the experiment After 1 S hours, the fecal pellets 
were recovered from each cage and observed for abnormality before the experiment. The compound suspended or 
dissolved in 0.5 % (w/v) methyl cellulose (MC) was orally administered in a dose of 5 ml/kg. On one hand, 0.5 % (w/ 
v) MC only was orally given to the control group. After administration of the compound, the rats were returned to the 
cage provided with a new water-absorbing sheet, and 90 minutes after the administration, the fecal pellets on the 
water-absorbing sheet were recovered from each cage, and the external appearance was observed, and then counted 
and weighed. The number of fecal pellets is expressed per each cage. After the fecal pellets were recovered, the water- 
absorbing sheet was weighed, and the weight determined by subtracting the Initial weight of the water-adsorbing sheet 
from the weight after the experiment was regarded as the volume of urine. 



Table 2 



Example 




The number of fecal pellets 


Control 




0.50*0.29 


1 


1 mg/kg 
3 mg/kg 


1.75±1.03 
7.25±1.65 




10 mg/kg 


22.2512.93 


2 


1 mg/kg 


7.B010.20 




10 mg/kg 


18.0011.30 


5 

• 


1 mg/kg 


7.001123 




3 mg/kg 


14.2513.38 



[01 61] The compound according to the present invention or a salt thereof exhibited an excellent defecation-promoting 
action. 



Claims 

1 . A compound represented by the formula: 
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45 



50 




(1 ) 



(wherein R 1 represents cyano group, carboxy) group or an optionally substituted carbamoyl group; R 2 represents 
10 hydrogen atom, hydroxyl group, an optionally substituted C^alkoxy group, an optionally substituted aromatic 

hydrocarbon cyclic group or an optionally substituted 5- to 14-membered aromatic heterocyclic group; and R 3 and 
R 4 are the same as or different from each other and each represents a cyctoaDcyl group, a C M cycioalkerryl 
group, a O s _^ 4 aromatic hydrocarbon cyclic group, a 5- to 14-membered non-aromatic heterocyclic group or a 5* 
to 14-membered aromatic heterocyclic group which may have a substftuent group, respectively, provided that the 
is cases where (1) R 1 is cyano group, R 2 is 4-bromo«2-thienyl group, R 3 is 3,4-dimethoxyphenyl group and R 4 is 

2-thienyl group, (2) R 1 is cyano group, R 2 is hydrogen atom, and each of R 3 and R 4 is phenyl group, {3) R 1 is 
cyano group, R 2 is 4-chlorophenyl group, R 3 is phenyl group and R 4 is 4-(3,4-dlchlorophenyl)-1-oxo-2<1H)- 
phthalazinyl group, (4) R 1 is cyano group, R 2 is hydrogen atom, R 3 is 4-pyrldyl group and R 4 is 1 -piperazinyl group, 
(5) R 1 is cyano group, R 2 is hydrogen atom, R 3 is 4-pyrldyl group and R 4 is a 1 -pyridyl group, (6) R 1 is cyano group, 
20 R 2 is hydrogen atom, R 3 Is 4-pyridyl group and R 4 is 4-diphenylmethyM -piperazinyl group, (7) R 1 is cyano group, 

R 2 is hydrogen atom, R 3 is 4-pyridyl group and R 4 is 4-morphoIinyl group, (8) R 1 is cyano group, R 2 is 4-methyl- 
phenyl group, and each of R 3 and R 4 is phenyl group and (9) R 1 is cyano group, and each of R 2 R 3 and R 4 Is 
phenyl group are excluded) or a salt thereof. 

25 2. The compound according to daim 1 or a salt thereof, in which R 1 is cyano group. 

3. The compound according to claim 1 or a salt thereof, in which R 1 is a carbamoyl group represented by the formula: 

30 




ss wherein R 5 and R 6 are the same as or different from each other and each represents hydrogen atom, an optionally 

substituted C 1<6 alkyl group, an optionally substituted alkenyl group, an optionally substituted alkynyl 
group, an optionally substituted C 6 . u aromatic hydrocarbon cyclic group or an optionally substituted 5- to 1 4-mem- 
bered aromatic heterocyclic group. 

■ 

40 4. The compound according to claim 1 or a salt thereof, in which R 2 is a C^ u aromatic hydrocarbon cyclic group or 
5 to 14-membered aromatic heterocyclic group, each of which may have a substftuent group. 

5. The compound according to claim 1 or a salt thereof, in which R 2 is a phenyl group, naphthyl group, pyridyl group, 
thienyl group or furyl group, each of which may have a substituent group. 



6. The compound according to claim 1 or a salt thereof, in which R 2 is a phenyl group which maybe substituted with 
a halogen atom. 

7. The compound according to claim 1 or a salt thereof, in which is hydrogen atom. 

8. The compound according to claim 1 or a salt thereof, in which R 3 and R 4 are the same as or different from each 
other and each represents a C 8>14 aromatic hydrocarbon cyclic group or a 5- to 1 4-membered aromatic heterocyclic 
group, each of which may have a substituent group. 

9. The compound according to claim 1 or a salt thereof, in which R 3 and R 4 are the same as or different from each 
other and each represents a phenyl group, pyrroryi group, pyridinyl group, pyridazinyl group, pyrimidinyl group, 
pyrazinyl group, thienyl group, thiazolyl group, furyl group, naphthyl group, quinolinyl group, isoquinolinyl group, 
phthalazinyl group, naphthyridinyl group, indolyl group or isoindoryl group, each of which may have a substituent 
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group. 

10. The compound according to claim 1 or a saft thereof, in which each of R 3 and R* represents a phenyl group, pyridyl 
group, thienyt group or furyl group which may have a substituent group, respectively. 

11. The compound according to daim 1 or a salt thereof, in which R 3 and/or R 4 represent a 5- to 1 4-membered non- 
aromatic heterocyclic group, a aromatic hydrocarbon cyclic group or a 5- to 1 4-membered aromatic hetero- 
cyclic group, each of which may be substituted with at least one group selected from the following substituent 
group a 

<substituent group a> a group consisting of (1) hydroxyl group, (2) a halogen atom, (3) cyano group, (4) nitro 
group, (5) a C 1-6 alkyl group, alkenyl group or alkynyi group, each of which may be substituted with at 
least one group selected from (i) hydroxyl group, (ii) cyano group, fiD) halogen atom, (iv) C,^ alkylamino group, 
(v) di(C^ alkyl)amino group, (vi) alkenylamino group, (vli) difC^e alkerryl)amlno group, (viR)C M alkynylamino 
group, (ix) di(Cg^ a!kynyl)amino group, (x) N-C 1-6 alkyl-N-Ca* alkenylamino group, (xi) N^C,^ alkyl-N-Cj^ alky- 
nylamino group, (xil) N-C^ alkenyl-N-C^ alkynylamino group, (xfii) aralkyloxy group, (xiv) TBOMS oxy group, 
(xv) C 1-6 alkylsulfonylamino group, (xvi) C t< alkylcarbonyloxy group, (xvii) C M alkenytearbonyloxy group, (xviii) 
alkynytearbonyloxy group, (xix) N-C^ alkylcarbamoyl group, (xx) N-C M alkenytearbamoyl group and <xxi) 
N-C,^ alkynylcarbamoyl group, (6) a C,^ alkoxy group, alkenytoxy group or-C^ alkynyloxy group, each of 
which may be substituted with at least one group selected from (i) alkylamino group ,-(H) aralkyloxy group and 
(HQ hydroxyl group. (7) a C 1a6 alkylthlo group, alkenytthto group or alkynylthio group, each of which may 
be substituted with at least one group selected from (f) hydroxyl group, (ii) nitrfle group, (Hi) halogen atom, (iv) 
alkylamino group, (v) aralkyloxy group, (vl) TBDMS oxy group, (vli) C 1-6 alkylsulfonylamino group, (viii) C 1-6 alkyl- 
carbonyloxy group and (Ix) C 1-6 alkylcarbamoyl group, <8) a carbonyl group substituted with a group selected from 
(0 C 1<6 alkoxy group, (ii) amino group, (iii) C 1-6 alkylamino group, (iv) di(C^ alkyOamino group, <v) alkenylami- 
no group, (vi) di (C^ alkenyl) amino group, (vii) C M alkynylamino group, (vii) difC^ alkynyl)amino group, (viii) 
N-C^ alkyl-N-C^ alkenylamino group, (ix) N-C 1-6 alkyl-N-C^ alkynylamino group and (x) N-C^ alkenyl-N-Cg^ 
alkynylamino group, (9) an amino group which may be substituted with one or two groups selected from (i) C 1-6 
alkyl group, (if) alkenyl group, (iii) alkynyi group, (iv) C 1-6 alkylsulfonyl group, <v) C 2 -e alkenylsutfonyl 
group, (vi) C 2-6 alkynylsulfonyi group, (vii) C 1-6 alkylcarbonyl group, (viii) alkenytcarbonyl group and (be) 
alkynylcarbonyl group, (1 0) a alkylsulfonyl group, (1 1 ) a alkenytsulf onyl group, (1 2) a alkynylsulfonyi 
group, (13) a C 1a6 alkylsulfinyl group, (14) a alkenylsulfinyl group, (15) a alkynyteurfinyl group, (16) formyt 
group, (17) a C^g cycloalkyl group or cycloalkenyl group, each of which may be substituted with at least one 
group selected from (J) hydroxyl group, (ii) halogen atom, (iii) nitrile group, (h/) C,^ alkyl group, (v) C 1-e alkoxy 
group, (vi) alkoxy-C^ alkyl group and (vii) aralkyl group, (18) a 5 to 14-membered non-aromatic heterocyclic 
group which may be substituted with at least one group selected from (i) hydroxyl group, (ii) halogen atom, {iii) 
nitrile group, (iv) alkyl group, (v)C 1-6 alkoxy group, (vf) alkoxy-C^ alkyl group and (vii) aralkyl group, 
(19) a C 6 . u aromatic hydrocarbon cyclic group which may be substituted with at least one group selected from<I) 
hydroxyl group, (ii) halogen atom, (iii) nitrile group, (iv) C 1<6 alkyl group, (v) C 1-6 alkoxy group, (vi) alkoxy-C 1-6 
alkyl group and (vii) aralkyl group, and (20) a 5- to 14-membered aromatic heterocyclic group which may be sub- 
stituted with at least one group selected from (i) hydroxyl group, (ii) halogen atom, (iii) nitrile group, <iv) C 1-6 alkyl 
group, (v) C 1>6 alkoxy group, (vi) C 1-6 alkoxy-C 1-6 alkyl group and (vii) aralkyl group. 

12. The compound according to daim 1 or a saft thereof, in which R 3 and/or R 4 represent a phenyl group, pyridyl 
group, thienyt group or furyl group, each of which may be substituted with at least one group selected from hydroxyl 
group, a halogen atom, a C 1-6 alkyl group and aC 14 alkoxy group. 

13. The compound according to claim 1 or a salt thereof, in which R 3 or R 4 is a-6-oxo-1 , 6-dihydropyridyt group which 
may have a substituent group. 

14. The compound according to claim 1 represented by the formula: 
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(wherein R 1 represents cyano group, carboxyt group or an optionally substituted carbamoyl group; R 2 represents 
hydrogen atom, hydroxyl group, an optionally substitutedC 1 . 6 alkoxy group, an optionally substituted C 1a6 aikyfthio 
group, an optionally substituted Cg. 14 aromatic hydrocarbon cyclic group or an optionally substituted 5- to 14-mem- 
bered aromatic heterocyclic group; R 7 represents a group selected from the following substituent group b; R 8 
represents a C 6>14 aromatic hydrocarbon cycfic group or a 5- to 14-membered aromatic heterocyclic group which 
may have a substituent group, respectively; and ring A represents a nitrogen-containing 6-membered ring which 
may be substituted with 1 to 4 groups selected from the following substituent group b. 

<substituent group b> a group consisting of hydrogen atom, a halogen atom, hydroxyl group, nitro group, cyano 
group, an optionally substituted alkyl group, an optionally substituted C 1-6 alkyl group, an optionally substituted 
C 2 ^ alkenyl group, an optionally substituted alkynyl group, an optionally substituted C 1< alkoxy group, an 
optionally substituted aikenytoxy group, an optionally substituted alkynyloxy group, an optionally substi- 
tuted C 1 ^ alkylthio group, an optionally substituted aikenylthio group, an optionally substituted alkynytthio 
group, a C2.7 fatty acyl group, an optionally substituted carbamoyl group, an arylacyt group, a heteroaryl acyl group, 
an optionally substituted amino group, an optionally substituted C t< aOcylsulfonyl group, an optionally -substituted 
aikenylsulfonyl group, an optionally substituted C24 alkynylsutfonyl group, an optionally substituted alkyl- 
sulfinyl group, an optionally substituted alkenylsulfinyt group, an optionally substituted alkynytsulfinyl 
group, formyl group, an optionally substituted cycloalkyt group, an optionally substituted C M cycloalkenyl 
group, an optionally substituted 5- to 14-membered non-aromatic heterocyclic group, an optionally substituted 
C 6 . u aromatic hydrocarbon cydlc group and an optionally substituted 5- to 14-membered aromatic heterocyclic 
group) or a salt thereof. 

15. The compound according to claim 14 or a salt thereof, in which R 1 is cyano group. 

16. The compound according to daim 14 or a salt thereof, in which R 1 is carboxyt group. 

17. The compound according to claim 1 4 or a salt thereof, in which R 1 is a carbamoyl group represented by the formula: 

|-e<X B . 

# ■ 

in which R 5 and R 6 have the same meanings as defined above. 

18. The compound according to claim 14 or a salt thereof, in which R 2 is hydrogen atom. 

19. The compound according to claim 14 or a salt thereof, in which R 7 and the substituent groups other than R 7 in the 
ring A are selected from the above-mentioned substituent group a. 

20. The compound according to daim 14 or a salt thereof, in which R 7 is hydrogen atom, an optionally substituted C 1-6 
alkyl group, an optionally substituted alkenyl group or an optionally substituted C,^ alkoxy group. 

21. The compound according to daim 14 or a salt thereof, in which R 8 is a phenyl group, pyridyl group, furyl group or 
a thienyl group, each of which may have a substituent group. 

22. The compound according to claim 14 or a salt thereof, in which ft 8 is a phenyl group, pyridyl group, furyl group or 
a thienyl group, each of which may be substituted with a halogen atom. 

23. The compound according to claim 1 , in which the compound is any one selected from 2-amino-6-^2 -furyl) -"5-14-py- 
ridyl)-3-pyridinecarbonitrile, 2-amino-6-{34luorophenyO-M4^yridyl)-3-pyridinecarbonitrile t ^-amino^6-(2-furyl)- 
5-(4-methoxy-3-pyridyl)-3-pyridinecart>onitrile, 2-ajnino-6-(24uryO J 5^6-oxo-1,6-dihydro^ 

2-amlno-5-(1 -ethyi-6-oxo-1 ,6-dihydro-3-pyridtny0^-(2-furyl)nicotinonitrile, 2-amlno^6-(2-furyl)-S-(1 -methyl-6-oxo- 
1 ,6-dihydro-3-pyridinyl)nicotinonitrile, 2-amino-6-(3-fluorophenyl)-6-(6-oxo-1 ,6-dihydro-3-pyridinyl)nicotinonitrile 
and 2-amino-6-(3-fluoropheny0-5^1-methy^6-oxo-l;6-dihydro^i>yridiny0nicotinonimMe^ or a salt thereof . 

24. A pharmaceutical composition comprising a -compound represented by the formula: 



€P1 308 441 A1 




(wherein R' represents cyano group, carboxyl group or an optionally substituted carbamoyl group; R 2 represents 
hydrogen atom, hydroxyl group, an optionally substituted C 1-6 alkoxy group, an optionally substitutedC^u aromatic 
hydrocarbon cyclic group or an optionally substituted 5- to 14-membered aromatic heterocyclic group; and R 3 and 
R 4 are the same as or different from each other and each represents a cyctoalkyl group, aC^ cyctoalkenyl 
group, a aromatic hydrocarbon cyclic group, a 5- to 14-membered non-aromatic heterocyclic group or aS- 
to 14-membered aromatic heterocyclic group which may have a substituent group, respectively, provided that the 
cases where (1) Ri is cyano group, R 2 Is 4-bromo-2-thieny1 group, R 3 is 3,4-dimethoxyphenyl group and R 4 is 
2-thienyi group, (2) R 1 is cyano group, R 2 is hydrogen atom and each of R 3 and R 4 is phenyl group, (3) R* is cyano 
group, R 2 is 4-chlon>phenyl group, R 3 is phenyl group and R 4 is 4-(3,4-dichlorophenyl)-1-oxo-2<1H)-phthala2inyl 
group, (4) R* is cyano group, R 2 is hydrogen atom, R 3 is 4-pyridyl group and R 4 is 1-piperazinyt group, (5) R 1 is 
cyano group, R 2 is hydrogen atom, R 3 is 4-pyridyl group and R 4 is 1-pyridyl group, (6) R 1 is cyano group, R 2 is 
hydrogen atom, R 3 is 4-pyridyl group and R 4 is 4-diphenytmethyM-piperazinyl group, (7) R 1 is cyano group, R 2 
is hydrogen atom, R 3 is 4-pyridyl group and R 4 is 4-morpholinyl group, (8) R 1 is cyano group, fl 2 is 4-methylphenyt 
group and each of R 3 and R 4 Is phenyl group, and<9) R* is cyano group and each of R 2 , R 3 and R 4 is phenyl group 
are excluded) or a pharmacologically acceptable salt thereof and a pharmacologically acceptable carrier. 

25. The composition according to claim 24, which is an agent for treating or preventing a disease to which an adenosine 
receptor relates. 

26. The composition according to claim 24, which is an agent for treating or preventing a disease to which an adenosine 
A2 receptor relates. 

. 27. The composition according to claim 24, which is an agent for treating or preventing a disease to which an adenosine 
receptor relates. 

» 

28. the composition according to claim 24, which is an adenosine receptor antagonist 

29. The composition according to claim 24, which (s an adenosine A2 receptor antagonist. 

30. The composition according to claim 24, which is an adenosine receptor antagonist 

31 . The composition according to claim 24, which is used for promoting defecation. 

32. The composition according to claim 24, which is an agent for treating, preventing or improving constipation. 

33. The composition according to claim 24, in which the constipation is functional constipation. 

34. The composition according to claim 24, which is an agent for treating irritable bowel syndrome, -constipation ac- 
companying irritable bowel syndrome, organic constipation, constipation accompanying enteroparaJytic fteusrcon- 
stipation accompanying congenital digestive tract dysfunction or constipation accompanying ileus. 

35. The composition according to claim 24, which is used for evacuating intestinal tracts at the time of examination of 
digestive tracts or before and after an operation. 

36. The composition according to claim 24, which is an agent for treating or preventing diabetes, diabetic complications, 
diabetic retinopathy, obesity or asthma. 

37. The composition according to daim 24, which is a hypoglycemic agent, an improving agent for impaired glucose 
tolerance or a potentiating agent for insulin sensitivity. 
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38. The composition according toclaim 24, which is a hypotensive agent, a diuretic, a therapeutic agent for osteoporo- 
sis, an anti-Parkinson's disease agent, an anti-Alzheimer's disease agent, a therapeutic agent for inflammatory 
intestinal diseases or a therapeutic agent for Crohn's disease. 

39. Use of the compound according to claim 1 or a pharmacologically acceptable salt thereof for producing an agent 
for treating or preventing a disease to which an adenosine receptor relates. 

40. A method of treating or preventing a disease to which an adenosine receptor relates, by administering a pharma- 
cologically effective dose of the compound according to daim 1 or a pharmacologically acceptable salt thereof to 
a patient. 
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